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Fig. 1.—Ficforia Bcgia on a Eivek in Guiana.

HOW PLANTS WEEE DISTEIBUTED OVEE THE EAETH.
By Dr. Egbert Brown, F.L.S., F.R.G.S., etc.

IT is scarcely necessary to be either a traveller

or a botanist to know that different parts of

the world produce dissimilar plants. The flowers

of the fields of France are many of them different

from those familiar to iis in England, and the

vegetation which clothes the shores of the Medi-

terranean is widely unlike the scanty herbage

which backs the sandy dunes along the coast of

the Zuider Zee. Africa again presents an entirely

different assemblage of plants from either region

;

and those of the two sides of that continent pre-

sent striking differences, both from each other

and from those which cover the American tropics.

145

Finally, if the voyager extended his observations

to Australia, he would find that in the Antipodes

there is scarcely a native plant the same as in

Europe. How is this] We have been so accus-

tomed to regard it as the normal condition of

affairs, that at first sight we are apt to consider

that there must be some notoriously self-evident

cause to account for this distribution of plants,

which, it may be remarked, is not always coincident

with that of animals. It may be said that climate

limits the range of plants, and that two countries

enjoying the same degrees of heat, and moistened

by much the same rainfall, will produce an identical
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vegetation. This may be true as regards culti-

vated crops ; but it is at once met by the fact that

many jjarts of the world having exactly the same

climate are characterised by totally different indi-

genous plants. For example, why has equinoctial

Africa no laurels 1 and why, with the exception

of a few patches in Newfoundland and the neigh-

bouring region, is America devoid of heather]

We equally fail to explain why the birds of

India glow with colotirs less splendid than those

of the hot parts of America, or why they are

different as to species, or why the tiger is peculiar

to Asia, and the ornithorhynchus to Australia. It

may be allowed that, owing to some peculiarity in

their structure, palms and bananas should belong to

warm regions—though this* is really no explana-

tion of the fact—but we cannot understand how
on the climatic theory melastomas do not vegetate

north of the 30th parallel of latitude, or why no

rose-tree belongs to the southern hemisphere. If

climate would account for the distribution of

plants, there should be really no reason for the

plants of the Cape of Good Hope not being identical

with those of Spain or Australia, or for the trees of

Oregon being different from those of Ireland.

Nevertheless, though temperature will not alto-

gether, or even partially, explain the present

distribution of plants, it has undoubtedly a power-

ful influence in restraining species within certain

limits. Certain grains (see Frontispiece) and other

economic species will, for example, grow to per-

fection only within certain limits, and beyond a

certain northern or southern range will either not

ripen or die altogether.* Accordingly, it is neces-

sary to say a few words in regard to the influence

of climate. Every plant must have a certain

degree of heat—greater or less—before it can

produce its flowers and fruit. The "zero" of life

in different plants is very different, and in general

terms may be said to be sooner i-eached in plants

of warm than in those of cold or Alpine countries

—

each plant being "a kind of thermometer which

has its own zero." Moisture is also essential to the

life and spread of a plant, for water is required

as food, and as a vehicle for the soluble materials

* In this map the ranges given for economic plants are merely
approximate. It must not be supposed, for example, that

wheat will not grow beyond the northern and southern limits

marked. Only within these ranges, however, does it prove a

profitable crop ; in other words, the lines drawn on the map
mai-k the noi-thern and southern limits, up to which any par-

ticidar crop attains its maximum of development. Outside these

lines it either does not ripen, or its ripening is so precarious as

to exclude it from the operations of the agriculturist.

on which the plant subsists. It keeps the earth

moist, and, indeed, in the case of some aquatic

species, it stands in the place of the soU to them.

It determines the polar limits of those plants with

which the wet climate of the north disagrees, and
the equatorial limits of others which require mois-

ture for their gi'owth. Heat, if combined with

moistui-e, modifies in some degxee the effects of

moisture per se. Soil has also, not unnaturally, a

powerful influence on plants. Every plant requires

a different kind of food, and some plants will not

prosper unless they grow in the soil which yields the

substances they particularly affect. For instance,

the various species of Carex, or sedge, and the

bent grass—which have the specific term " arena-

xia " affixed to their name—by this word indicate

their taste for a soil notoriously disliked by most
plants, namely, sand. The horse-taU {Equisetum)

grows in marshy places where silica abounds ; in

Scotland and Ireland the broom rape {Orohanche

rubra) grows chiefly in districts where decaying

traps abounds ; while Erica vagans, a local species

of heath, is in Cornwall almost confined to soil

formed of broken-down serpentiae. Again, there

are plants which love clay soils, others which affect

chalky ones, and so forth. In other cases, the limit

of a plant is coincident with a particular formation.

In California, for example, the redwood (Sequoia

sempervirens), a gigantic forest tree, grows only on

metamorphic slates ; and in Mexico the appeax'ance

of the great cactus is simultaneous with the change

from sedimentary to volcanic formations. These

cases are, however, not very common; though it

may be said, in general terms, that most plants

grow to greater perfection in one soil than in

another, and it is the duty of the agriculturist to

study this liking, and suit the plant to the land

on which it is to be grown. Dr. Schleiden has

noticed that the beaxitiful orchid known as the

ladies' slipper (C7/pripedium) gx'ows over all

parts of the Swiss Fore Alps, where the soil is

formed of the Alpine limestone. " It accompanies

the whole Swabian muschelkalk, and disappears

suddenly when we come to the sands of the Jura

and Keuper formations on this side the Danube.

It next makes its ajDi^earance on the muschelkalk

of Thuringia, and comes down with that on the

Werra, as far as the neighbourhood of Gottingen,

and then leaps over the Bunter Sandstein of the

Lower Eichsfeld, the granite of the Upper Harz,

and agaiix gladdens the eye of the wanderer on the

calcareous formations eastward of the Brocken.

It is sought in vam all over the clay and sandstone
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formations of the Northern German plains, till in

the extreme north it again shows itself at Riigen,

where the chalks of Arcona and Stubbenkammer

lift their heads. On the western coast of France

grow various insignificant-looking shore plants,

species of Salsola and Salicornia, which the in-

habitants there use to obtain soda from the ashes.

When we travel from thence towards the East, we
everywhere miss these little plants, even when

searching most carefully, and one or other of

them makes its appearance only in those places

where the soil is moistened by some salt spring.

At last we arrive at the great Steppes of the

south-east of Russia, which in summer are often

covered with a thick crust of salt, showing them to

be the ancient bottom of some dried-up sea, and

here these plants are found growing with the same

abundance and luxuriance as in the west of

France. On the northern coast of Germany the

little pale-red maiden pink grows upon the arid

sand dunes, and is universally distributed over the

sandy plains of Northern Germany ; but these are

succeeded by the granite, clay, slate, and gypsum

of the Harz, the porphyry and muschelkalk of

Thuringia, and our little pink is not met with

again till we arrive at the Keuper sand-plains on

the farther side of the Maine, surrounding the

venerable city of Nuremberg. It extends north

through the Palatinate, tUl the muschelkalk of the

Svvabian Alps again sets a limit to it ; but it leaps

over these and the whole Alpine region, and at

last appears on the sandy soil of Northern Italy.

How is it that these plants everywhere disdain the

richest soils in their range of geographical distri-

bution, and are confined to perfectly determinate

geognostic formations?"

Light has also a marked influence on the distri-

bution of plants, though it is not easy to separate it

from that of heat. But in studying the agents

which limit or aid the spread of vegetable forms,

we come to a cause or series of causes more im-

portant even than those to which we have briefly

alluded, though at first sight not so prominent.

This is "the struggle for existence," a phrase

which has of late years become exceedingly familiar,

though the facts of which it is the expression are

not quite so generally understood. We have long

known that in thickly-populated human communi-

ties there is a struggle for existence. But there

is another struggle more ancient still. It dates

from the first appearance of created beings on the

earth, and it has been raging ever since with a fury

which, if quieter, is not less keen than that with

which, unhappily, we of the newer creation have

been too long acquainted. Linnaeus calculated

that if an annual plant produces two seeds

which shall arrive at perfection—though no plant

produces so few—and each of these in turn perfects

two, and so on at the same rate, at the end of

twenty years the descendants of the original plant

would be a million of individuals. It is reckoned

that a single plant of groundsel (Senecio) may pro-

duce 6,500 seeds, one of chickweed (Stellaria)

5,000, and one of shepherd's purse (Capsella) 4,500 ;

but what with overcrowding, and j^reying of insects,

and other mishaps, usually looked upon as " acci-

dents," very few of this enormous progeny ever

reach maturity. Again, the Orchis macidata of

our hedgerows (Vol. III., p. 366) produces so great

a quantity of seeds, that were they all to spring up

the earth would soon be covered with this plant,

but in reality the Orchis in question is by no

means a very common plant compared with others

which seed much less freely. The botanist who
thinks over these matters soon comes to the conclu-

sion of Dean Herbert, that " plants do not grow

where they like best, but where other plants will leC

them;" in other words, "climate and soil have not

so much influence on the free growth of a plant as

the presence or absence of other plants with which

it has to struggle to maintain its existence." The

American water-weed (Anacharis) was first re-

corded in Britain in the year 1847, yet in the

interval it has spread with inconceivable rapidity

over the country, extinguishing the native species

with which it comes in contact, though it has never

yet produced seed, and in America is not more

troublesome than other weeds. The common sorrel

(Eumex Acetosella) has been introduced with grain

into nearly every one of our colonies, and in New
Zealand it is spreading with such activity that

it would take possession of the fields, did not the

farmer find that in the struggle for existence it

cannot bear up against the greater vigour of the

white clover, which soon kills it. Even the white

clover, in one locality, has its match in the cat's-

ear {Hypochceris radicata), which in three years

from the time of its introduction into New Zealand

has destroyed excellent pastiu-es. The introduction

of the Anacharis into Great Britain is paralleled by

the introduction of the Vallisneria into the Hudson

River, where, in the months of August and Sep-

tember, it almost stops navigation in places ; or by

the water-cress which threatens to choke up the

New Zealand Rivers in the district of Canterbury.

The little duckweed has been driven out of a pool
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at Sandwich, in the Detroit River, in the United

States, by Woljia Columbiana, another water-weed

which has recently made its appearance ; and it has

been repeatedly noticed that, after a few years

of settlement, the introduced jjlants expelled the

aboriginal vegetation from the praii'ies. A grass

{Stipa textilis) has invaded the southern Russian

Steppes, and is rapidly displacing almost every

other plant, while the cardoon—a tall thistle

(Cynara cardunculus), accidentally introdiiced from

Europe, now clothes, almost to the exclusion of

other plants, whole leagues of the Pampas of the

Argentine Republic and Uruguay. Altogether it

would appear that in the struggle for existence

between the denizens of the Old and New Worlds,

the foi-mer are usually victorious. In New Zealand

we see this struggle particularly well exemplified.

The Maories have even recognised it in a proverb

to the effect that as " the white man's rat has

driven away the native rat, as the European fly

drives away our own, and as the clover kills our

fern, so will the Maori disappear before the white

man himself."

In reality, when we talk familiarly of a plant

being " rare " or " common " we condense into these

two words a world of fact and theory. A j^lant is

not, as we have seen, common because it prod\ices

a great quantity of seeds, or rare because it produces

few. " When we look," writes Mr. Darwin, " at

the plants and bushes clothing an entangled bank,

we are apt to attribute their proportional number
and kinds to what we call chance. But how false

a view is this ! Every one has heard that when an

American forest is cut down a very different vege-

tation springs up ; but it has been observed that

ancient Indian ruins in the Southern United States

which must foi-merly have been cleared of trees,

now display the same beautiful diversity and

proportion of kinds as the surrounding virgin

forest. What a struggle between the several

kinds of trees must have gone on during long cen-

tiiries, each annually scattering its seeds by the

thousand ! What war between insect and insect

—

between insects, snails, and other animals, with

birds and beasts of prey, all striving to increase,

and all feeding on each other, or on the trees, their

seeds and seedlings, or on the other plants which

first clothed the ground, and thus checked the

growth of the trees ! Throw up a handful of

feathers, and all must fall to the ground, according

to definite laws ; but how simple is the problem

where each shall fall, compared with that of the

action and reaction of the innumerable plants and

animals, which have determined in the course of

centuries the proportional mxmbers and kinds of

trees now growing on the old Indian ruins." In

reality, the equilibrium of species is preserved

throughout the world in some particular locality

by the number of foes or allies it may have among
plants or animals inhabiting the same region, for

the wars of the roses are perpetual wars.

How, then, were plants originally distributed?

Naturally, no question in plant geography has

given rise to more discussion than this. It lies at

the bottom of the whole science, and the theories

which have been adduced in explanation of the

appeai'ance of plants in the various regions of the

earth would fill many pages, if even the elementary

facts in connection with them were narrated.

Linnseus, for example, imagined that plants were

originally created on the sides of some lofty

mountain in the ti'opics, where vegetation could

find from summit to base every kind of climate.

However, tliis hypothesis will not explain the

peopling of cold regions, or how plants of these

regions are not found in the intervening warm tracts

of country. Buffon, on the other hand, seized the

idea that all vegetation originated in the Arctic

regions, and little by little spread southward, modi-

fying itself according to circumstances. But this

view is even less tenable than the other. Then,

for long, botanists held in much favour the doctrine

of " specific centres of creation," the leading idea of

this hypothesis being, that there were throughout the

world a number of points of special creation, each

having a particular " flora " or assemblage of plants,

from which points the species occupying the sur-

rounding area have spread in a radiating manner.

This was essentially the doctrine of De Candolle,

who came to the conclusion that "the present

species were brought into existence either in a

single one or in a number of individuals in one

or in different localities simultaneously, or more

probably, successively, at a period or periods when

the geological outlines of the surface of the globe

were very different from what they are now—eacl'.

species with characteristics and susceptibility of

variation within definite limits, essentially the same

as those it now possesses." These views of De
Candolle, espoused at the time he wrote by the

majority of naturalists, are now held by very few.

Tlie latest—and the favourite—theory is that "each

species has been produced in one area alone, having

subsequently migrated from that area as far as

its powers of migrations and subsistence under

past and present conditions permitted." Doubtless
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there are many cliiBculties in explaining how the

same species coiild have migi'ated to the widely

different points at which it is now found ; never-

theless, these difficulties are

gradually being cleared up, and

the theory seems the safest as

well as the most philosophical

which the botanist can adopt.

" He who rejects it," writes the

most eminent of its supporters,

"rejects the vera causa of ordi-

nary generation with subsequent

migration, and calls in the agency

of a miracle." It must also be

remembered that some of the

methods by which plants—and

animals—could have migrated

in former times from one point

to another, no longer exist, for

the intervening land-passages

over which they gradually tra-

velled are now broken down,

and where once there was a

continuous continent there is

now only a landless sea. Yet,

we must not be led away into

supposing that in the inter-

vening spaces between the two

or more points whei-e the same

species is found, land invariably

existed in foi'mer times—this

idea having been carried to a

dangerous extreme by Edwai'd

Forbes and his school. There

are natural and other causes

daily in operation, which will

go far to explain the migra-

tion of species, without call-

ing in the aid of catastrophes

and cataclysms. Changes

of climate must also, without

doubt, have had their influence

on migration. "A region, when
its climate was different, may
have been a high road for

migration, but now be impass-

able." Changes in the level of

land, and in the contoiir of continents, have had

much to do with allowing terrestrial species to

migrate to localities which they can no longer reach

by similar means. This we may allow, without

believing as Forbes insisted we should, that all the

islands in the Atlantic must have been recently

Fig. 2.—The Date Palm {Phcenu- dactylifera).

connected with Europe, or Asia and Europe, and

even with America
;
indeed, it can scarcely be con-

ceded, if this doctrine is to be carried out to its

legitimate conclusions, that a

single island exists which has

not recently been united to

some continent or other. Assum-

ing that this was so in some

cases, without particularly speci-

fying the instances, and merely

holding these causes in reserve

to account for cases inexplicable

on any other theory, we may
consider how far occasional, or as

they are frequently called, "acci-

dental " causes have operated in

taking the plants of one part of

the world to other parts. A
study of these causes serves in

a certain degree to explain

the phenomena of " dissevered

species," that is, the same species

being found in widely different

parts of the world, or in localities

very unlikely for its occurrence.

Man, though the agent most

recently and in fewest numbers

at work, has perhaps more than

any other aided in carrying the

plants of one region to another,

and in thus confounding the

origin and distribution of species.

Some of the ways in which

he accomplishes this we have

already noticed. Wherever he

goes he carries the seeds of

plants with him—the merchant

in the packing of his goods, the

colonist with his "penates,"

and more directly among his

cultivated grains and garden

plants ; and the march of armies

over the world might even be

traced by the plants which have

sprung up in their tracks. The

most carefully-cleaned grain will

contain the seeds of the wild

plants which have grown up and been reaped along

with it, and as "ill weeds" proverbially flourish, they

propagate rapidly until they gain a footing. This

they usually maintain, and in many cases, we have

seen, do so to the pi'ejudice of the indigenous flora

The seaman brings plants with his ship's ballast
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from distant lands, the climate of which is often

similar to that of the country in which he shoots it

to make room for his merchandise. Accordingly,

every botanical collector knows that there are

numerous foreign plants to be looked for in any

locality where ships are in the habit of discharging

their ballast. Since the extensive introduction of

foreign wools, many plants of the wool-pro-

ducing countries—even of Australia—have sprang

up in the vicinity of places where the wool is

washed and bleached, though indeed, in most

cases, these exotics last only one season. Escapes

from gardens, like the American Mimulus

luteus, which is now wild in every coimty from

Cornwall to Shetland, also add to our flora. The

stuffing of a bolster introduced Asclejnas cara-

savica from Tahiti into New Caledonia. The

thornapple, a plant of the East Indies and Abys-

sinia, has spread throughout Europe by the agency

of gipsy quacks ; and it is affirmed that the ejected

stuffing of a bird-skin first scattei-ed, two hundred

years ago, the seeds of the now common Canada

thistle into Europe. In St. Helena, at the time of

its discovery, there were not over sixty species of

plants in the island ; its flora now comprises some

seven hundred and fifty species, the vast majority

introduced by man. The year after Thorwaldsen's

sculptures had been unpacked in Copenhagen,

twenty-five plants of the Roman Campagna sprang

up in the court-yard of the Museum, the seeds

having, of course, been introduced in the hay,

straw, (fee, which had accompanied the works of

art from Rome. In the campaign of 1814, the

Russian troops brought in the stuffing of their

saddles seeds from the banks of the Dneiper and

tl.e Don to the valley of the Rhone, and even in-

ti-oduced the plants of the Steppes into the environs

of Paris. The Turkish army, in its European in-

cursions, left the seeds of Eastern plants to bloom

on the ramparts of Buda and Vienna. The Wal-

cheren expedition of 1809 broiight Lepidium Draha

to the Isle of Thanet, where for long it was a most

troublesome weed. The rib-grass used to be known

by the New England Indians as the Englishman's

food, and in Oregon the wood sorrel is to this

day styled the "Hudson Bay" weed, the fur-

trading company of that name having the discredit

of introducing it in seed wheat from England.

Since the Franco-German war, the seeds of

numerous Algerian plants have naturalised them-

selves on the camping grounds of troops brought

from the African colonies, or where forage from

the shores of the Mediterranean had been used.

Finally, not to multiply, as could be easily done,

endless instances of how man has altered and modi-

fied the flora of countries, it is curious to find that on

the coast of Mekran the date palm (Fig. 2) is com-

mon, while in the interior it is confined to certain

lines of country. The local explanation of this is

affiarded by an ancient tradition, which declares that

the palms along these lines in the interior sprang up
from the stones dropped by Alexander the Great's

soldiers on their return march from India. This

legend—which we have from Sir Bartle Frere

—

may or may not be fact, but it nevertheless illus-

trates the persistence of popular belief in the agency

of man in distributing plants. The winds—though

not to quite such an extent as superficial observa-

tion would lead us to believe,—migratory birds to

a greater degree, quadrupeds by carrying seeds

which have fastened on their hides, rivers in a

marked manner, currents of the sea, and even ice-

bergs and ice-fields on a very small scale, aid in

gradually conveying the seeds of plants from one

country to another, and in altering the flora of the

wide regions over which they act. Not a great

many seeds can survive long immersion in sea-water,

and even when they can, it is not always that the

current into which they may have dropped runs

from a country the climate of which is similar

to that on the shores of which it casts them, to

allow of the seed living, even when it is fortunate

enough to be tossed out of reach of the waves

and take root. There is, however, a strong suspi-

cion that at least one American plant, Eriocaulon

septangulare., has been brought to our shores by

currents. It is found on the Island of Skye, an{i

some of the neighbouring Hebrides, and on the

West Coast of Ireland, into both of which districts

it may have been washed by the Gulf Stream.

Migratory insects may also aid in distributing, as

they certainly help in devouring the produce after

distribution. It has, for instance, been noticed in

the Cape of Good Hope that plants, new to a.

locality, sprang up after the visit of a swarm of

locusts. It also follows, if what we have said

about the fertilisation of certain plants by insects

be true, that the distribution of many plants will

depend upon the presence or absence of the insect

necessary for their fecundation.

There has, however, been a still more ancient

migration of plants, when the conditions of the

earth were much different from what they are at

present, and to this cause is attributed, among other

peculiarities of plant distribution, the- marked

Alpine flora, which consists of Arctic plants driven
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south during the glacial period, but now left

stranded on the tops of mountains, prevented from

penetrating to the plains below, owing to the

barriers which the climate presents in their way.

But the peculiarities of the Alpine flora are too

wide a subject for discussion in this preliminary

sketch, while the extremely interesting and sug-

gestive peculiarities of the island floras have

already been sufiiciently described,* though the

study of the various continental contributions to

that of the British Isles afibrds material for curious

commentaries on the facts we have noted. In

books on botanical geography there will usually be

found descriptions, more or less fanciful, of certain

botanical regions from the equator north and south,

or which occupy certain more or less circumscribed

areas over the whole world. It must, however,

be understood that they merge into one another,

and are by no means so hard and fast as they

seem on the map. In our Frontispiece we have

sketched these botanical regions—in each of the

regions there being certain groups of plants peculiar

to it, though in all probability in no large part of

the world is there actually an assemblage of plants

which are one and all found nowhere else. All

that is meant by these so-called botanical regionsf

is that within each of them tliere are certain

more or less pecuHar groups of plants, or certain

aspects of vegetation, which at once give them a

character of their own. Mr. Bentham, perhaps,

puts the whole question in the proper light when
he remarks that there are " regions of vegetation

depending on physical and climatological considera-

tions, which influence chiefly the areas of individual

species or varieties, and botanical regions depending

on community of origin or genera. By the combined

eflect of these two agents, whenever the uniform

action of the one upon the other has been promoted
by the continuance of geological repose and main-

tenance of impassable barriers, many species, genera,

or even natural orders, have been gradually

produced, or introduced, and maintained in cez-tain

territories, whilst they have never appeared, or have
become extinguished, in others, so as to have given

to every territory or district a special botanical cha-

i-acter; and thus real regions have been formed,

* " Oceanic Islands"—" Science for All," Vol. IL, pp. 320
—328.

t The main details are taken from the late Professor Grise-

bach's "Die Vegetation der Erde nach ihrer Klimatischen
anordnung" (1872), but in some respects they have been
altered, and the approximate ranges of economic plants have
been added on the authority of data obtained from numerous
other published and unpublished sources of information.

exceedingly unequal in size, definiteness of circum-

scription, and intensity of specialisation (distinct-

ness of character), but which it is very instructive

to study and compare, and must therefore be named
and described. We must also admit that every

race has probably been the ofispring of one parent

or psiir of parents, and consequently originated in

one spot ; but we must also insist that it may have

been widely spread for years or ages, before it

became formally differentiated—perhaps under con-

ditions and in countries difierent from those which

gave it birth—and that the idea of general centres

of creation whence the flora of a region has gra-

dually spread is a jierfect delusion."| There can,

for example, at once be detected a northern type, a

tropical type, and a southei'n type, each of which

can again be subdivided in minor—yet great—dis-

tricts, such as those which are sketched in the

map.

Plants also vary in their characters, in so far that

some are mox'e or less cosmopolitan. Others again

are confined to small extent of country. For

instance. Origanum Tournefortii is found only on

one rock in the small island of Amorgos, in the

Greek Archipelago ; Dina gi'andiftora, an orchid,

is peculiar to Table Mountain at the Cape of Good
Hope, as is also said to be another orchid, Cymhi-

dium tabulm-e. The cinnamon, though cultivated

in various countries, is generally believed not to

grow wUd out of the Island of Ceylon, nor coffee

to be indigenous to any region save Abyssinia.

Arcmcaria excelsa is limited to Norfolk Island,

and the cedar of Lebanon is confined to one or two

localities in Syria and Algiers. Even in a country

there are local species, found however in other

countries more vddely distributed. Thus, Oxytropis

campestris is confined in Britain to one spot in the

Clova Mountains, in Scotland. Cotomaster vulgcm-is,

though scattered over Central, Southern, and

Eastern Evirope, and Central Asia, in oui- island

alone aflfects the limestone cliffs of Great Orme's

Head, in Wales ; and the otherwise widely-dis-

tributed Potentilla rupestris is in Britain found

only on the Breiddin Hills, in Montgomeryshire.

Again, in the Seychelles, the species of pitcher plant

(^Nepenthes) peculiar to that group is confined solely

to one mountain summit of one of the islands, and
it is well known that the giant trees of California

{Sequoia gigantea) are nowhere found out of that

State, and even there in only one or two very cir-

cumscribed localities.

X "Presidential Addi-ess to the Linnean Society " (1869), p.

IxxWiL
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To sum up the main facts arrived at from

the study of a subject wkich is one of the greatest

and most interesting in all botanical science

—

no species of flowering plant grows in every

pai"t of the world, though flowerless plants, like

lichens, mosses, and ferns, are more cosmopolitan.

A flowering plant may be found in the Arctic and

tempei'ate regions, and then, after missing a wide

intervening region, appear in the southern tem-

perate and Antarctic regions ; but none range

from pole to pole. It has been shown that there

are only about eighteen species which may be said

to extend over a space equal to something like half

the earth. Those which extend over an area equal

to about the thu'd of the world do not exceed one

liundred and seventeen, and of these the woody

species have the narrowest range, and the majority

are inhabitants of the temperate and frozen re-

gions of the northern hemisphere. Another very

remarkable fact is, that every species which at

once exists on two continents is also fovind in the

intermediate islands.

Botanical geography is, however, even yet only

in its boyhood, for we are ignorant, among a

thousand other salient points, of the causes which

operate in preventing, or permitting, acclimatisa-

tion, and of the origin of any one of our cereals and

other cultivated plants. The science, to use the

words of Schleiden, is still young, and "burdened
with all the faults of youth, overflowing with

the fulness of life, certain of a fair and powerful

manhood, but still disorderly and obscure, gather-

ing much at present unintelligible for use in rijser

years, and as yet dreaming more than thinking."

AN ECLIPSE OF THE SUN.
By W. F. Denning, F.R.A.S.

PRE-EMINENTLY calculated, from the striking

nature of their efiects, to form one of the grandest

sights in nature, it is not to be wondered at that

total solar eclipses have been the source of amaze-

ment to the uninformed and the subject of frequent

allusion by the historian; and it is unfortunate that

the extreme rarity of the spectacle is such that

comparatively few people have ever witnessed it.

Unless a person has been privileged to accompany

one of the expeditions specially equipped to in-

vestigate and record an occurrence of this kind, or

unless he chances to reside on that particular tract

of the earth's surface over which the line of totality

passes, he will never, perhaps, have the opportunity

of witnessing this grand celestial sight. It is not

because a total solar eclipse is a phenomenon which

rarely happens that it is but seldom observed, for if

we consult a catalogue of eclipses we shall find at

once that they are of somewhat frequent occurrence.

It is rather because they are visible only from a

very limited area of the earth's surface that they

form an event of exceptional rarity ; so that if we
await the phenomenon at any particular station,

many generations may pass without the expected

gratification afforded by the view of so unique an

occurrence. More pointedly, if we earnestly desire

such an observation, we must go to the eclipse and

not wait until it comes to us. Englishmen who do

not travel have not seen a total eclipse of the sun

since 1724, for though, many times subsequently to

that remote epoch, the sun has been largely hidden,

it has never been absolutely obscured in total

eclipse to observers in this country.

It is not difficult to understand that, in ancient

times, when extremely vague ideas prevailed with

reference to natural phenomena, eclipses filled

mankind with a good deal of superstitious terror.

The darkness of premature night descended upon

the earth unexpectedly and suddenly, and men
stood amazed at the unwonted withdrawal of the

source of light. Weird shadow-bands fell over the

landscape, giving earth and sky alike an unnatural

aspect. As the darkness deepened the planets and

brighter stars began to shine as at evening, birds

went to roost, and the animal and vegetable world

made preparation as for the night. What stu-

pendous influence could have thus so completely

robbed the sun of his lustre 1 what dark body was

that which, encroaching at first merely as a notch

upon the sun's west limb, had gradually worked

itself over the whole surface, until now the bright

sphere was almost entirely obliterated and eflaced

from the heavens 1 Would this spectral darkness

be yet further intensified and sustained, or would

the sun be able to relieve himself from the burden

of the overshadowing monster? An appalling

anxiety possessed the observers ; but soon, as they

tremblingly looked upwards again, the indications
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of returning day became apparent, the shadows

were beginning to be dispelled, as a slender

crescent of the sun had just begun to reappear,

increasing as time wore on, until, after a short

interval, the solar orb had completely freed himself,

and the opaque obstructing body, whatever it was,

had wholly disappeared ; all fears were relieved

—

the oj)pressive darkness had dispersed, and animate

nature quickly resumed her customary avocations.

Let us proceed at once to the simple explanation

of the theory of solar eclipses.

A self-luminous body, like the sun, scatters light

in all directions, and when the rays fall upon a non-

luminous body they are intercepted from the space

immediately behind it, and a shadow is thrown a

certain distance in that direction. Now another

celestial body, deriving its light also from the sun,

will, upon entering the area over which this shadow

is cast, manifestly be deprived of its lustre and

suffer obscuration, either wholly or in part, during

the entire period of its immersion. This is what

hajipens to the earth in the case of a solar eclipse.

The sun and earth revolve in the plane of the

ecliptic, and the moon, being but slightly inclined

to that plane, interjioses between them once in

every revolution (i.e., at new moon), so that it

happens they are sometimes all three in the same

line. When this occurs a portion of the moon's

opaque sphere is seen projected upon the sun's face,

intercepting his light in a degree proportionate

with the magnitude of the eclipse, which depends

upon the distances sepai'ating the centimes of the

sun and moon at the middle of the phenomenon.

Only in cases when these centres precisely corre-

spond can there be a total obscuration, because the

Pig. 1.—Diagram illustrating au Eclipse of the Sun.

apparent diameters of the two bodies are nearly

identical.

Let s (Fig. 1) represent the sun, M the moon, and

E the earth. The two latter bodies being non-

146

luminous, each project shadows termed the \imbra

and penumbra. The umbra is a dense shadow; any

object becoming immersed in it suffers total eclipse.

The penumbra is a fainter shadow, giving partial

eclipse. During a total eclipse of the sun, the moon

(m) being very slightly greater in apparent size tlian

the sun, throws her dark shadow only iipon a

small area of the earth's surface situated in the

central line of the eclipse. The outlying penumbra

covers a far greater expanse of the surface, giving

a partial eclipse everywhere within its limits.

The sun would suffer eclipse at every new moon
(at intervals of 29^ days) were the orbit of the

moon situated in exactly the same plane as the

ecliptic, but the inclination amounts to some
5°

; hence the moon at conjunction frequently

passes above or below the sun, and thus evades the

necessary conditions of an eclipse. It is when the

moon crosses the ecliptic at the time of the new
that a solar eclipse must result, inasmvich as her

position is then precisely between the earth and

sun.

The word eclipse, as apjtlied to these obscurations

of the sun, is sometimes questioned as not being

strictly accurate—for a celestial body when eclipsed

s
E

Fig. 2.—Tiieory of au Annular Eclipse.

must be immersed in a shadow. Now, we have

shown that a solar eclipse is caused by the projec-

tion of the moon's dark body upon the sun, which

is equivalent to an occuUation in cases of total

eclipse, but when the apparent diameter of our

satellite is less than that of the sun, as in annular

eclipses (Fig. 2), the event is really a transit of the

moon across the sun. In annular eclipses the moon's

Odark shadow falls short of the earth,

as in the figure, for the moon being

less in visible dimensions than the

sun cannot wholly intercept his rays,

5 and only a partial eclipse results.

Tlie ChaklEean shepherds foretold eclipses, even

before the nature of such phenomena was
thoroughly understood, by their regular recurrence

after a certain interval. The moon's " nodical revo-

lution" is performed in 27d. 5h. 5m. 36s., which is

more than two days shorter than her "synodical

period " (or the time occupied in passing from one

new or full moon to another) of 29d. 12h. 44m. .3s.

Now 223 of tlie latter periods extend to 18 years
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10 days and 7f hours (or 6585-32 days), and 19

revolutions of the sun are performed, with regard

to the lunar nodes, in 6585-77 days. The corre-

spondence of the two periods originates the re-

currence of eclipses, both solar and lunar, at intervals

of 18-03 years. This period was known as the

Saros. By adding it to the date of an observed

eclipse the approximate date of its repetition

was readily computed, though it must not be

supposed that it supplied the data for determin-

ing the magnitude of the eclipse, as the condi-

tions are slightly different at each recurring

saros
;

nor, in the case of solar eclipses, which

are observable only from small tracts of the

earth's surface, was it possible by the aid of

this cycle to foretell the particular locality over

which the moon's shadow would be cast. But

ill a general way the method was found both

convenient and accurate, and for many ages the

ancients successfully availed themselves of its

means to predict the times of these phenomena.

At each return the conditions of an eclipse are

slightly diflferent, so that the magnitude either

increases or diminishes at each rei^etition. Those

eclipses of the sun which occur at about the de-

scending node, and are visible at first from the

earth's South Pole, creeji northerly at their successive

returns, until ultimately they quit the earth at the

North Pole. And the reverse is the case with those

eclipses which, taking place near the ascending

node, come in at the North Pole of the earth, for

they gradually, at each recurring saros, become more

southerly, until their final disappearance off the

South Pole. Thus a very small eclipse came on at

the North Pole on June 24, 1313, O.S., which finally

leaves the earth on July 31, 2593, after seventy-two

reappearances. To illustrate the matter further let

us refer to the eclipse of July 14, 1748.* "This

eclipse, after traversing the voids of space from the

creation, at last began to enter the terra Australis

incognita about eighty-eight years after the Conquest,

which was the last of King StejDhen's reign. Every

ChaldseaJi period it has crept more westerly, but was

still invisible in Britain before the year 1622, when
on April 30 it began to touch the south part of

England at about two in the afternoon. Its next

visible period was after three Chaldsean periods, in

1676, on June 1, rising central in the Atlantic

Ocean, passing us at about nine a.m., with four

digits eclipsed. It was visible again in 1694 in

the evening, and in 1730 (July 4) was seen above

half eclipsed just after sunrise. Eighteen years

* " Ferguson's Astronomy," 1772, pp. 232-3.

more afforded the eclipse of 1748 (July 14). The
next visible return was in 1766 (July 25), about four

digits, and after two more periods, in 1802 (August

16, 0.S.), about five digits. Again in 1820 (September

1, N.S.), it recurred as a large partial eclipse, and

Fig. 3. Fig. 4.

Fig. 3.—Partial Eclipse. Fig. 4.—Annular Eclipse.

was well observed in England, the sky being

generally clear. It was not visible again until

1874 (October 10), five digits. In 1892 the sun will

go down eclipsed at London, and again in 1928 (No-

vember 12) there will be two digits obscured at Lon-

don. But about the year 2090 the whole penumbra
will be worn off, whence no more returns of this

eclijDse can hajipen till after a revolution of 10,000

years."

Partial eclipses (Fig. 3) are those in which a seg-

ment only of the sun's face is hidden by our satellite

at the time of greatest obscuration when she passes

either a little above or below the sun's a^ipareiit

centre. They may be large or small, according to

circumstances, and are usually expressed in digits or

twelfth parts of the solar surface, so that an eclipse

of three digits notifies an obscuration of a quarter

of the sun, of four digits one-third of the sun, of

six digits one-half of the sun, and so on. The

"Nautical Almanack," however, gives more pre-

cise details of the magnitude of eclipses, the sun's

diameter being considered = 1, the portion eclipsed

is represented by thousandths. Thus, there are two

partial eclipses of the sun in December, 1880, the

first of which, on Dec. 1, is a very insignificant one of

0-040 (which is equivalent to -Jg-thpart of the solar

disc), and the second, on Dec. 31, equals 0-717.

Only the latter, however, is visible at Greenwich as

a small eclipse of about two-fifths of the sun.

Annular eclipses (Fig. 4) refer to those in which a

marginal ring of the sun's disc is visible, though the

apparent centres of the sun and moon cori-espond
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exactly in position. In fact, the diameter of the

moon being slightly less than that of the sun, it

mvist obviously fail to completely obliterate his

luminous disc, and there is still a narrow circle of

light visible all round the border indicating this.

The sun when nearest to the earth has an apparent

diameter of 32-|- minutes of arc, and the moon at

apogee

—

i.e., at her greatest distance from the

earth—is less than 29|, and if a solar eclipse hap-

pens under these conditions it must essentially fail

to be total. On the other hand, the moon at

perigee subtends an angle of 33' 31", and the sun at

greatest distance (when the earth is in aphelion)

one of 31' 32", so that an eclipse occurring with

these circumstances may be total if the centres of

the two bodies exactly overlie at the instant of

conjunction.

Beaded eclipses (Fig. 5) distinguish a phenomenon

sometimes observed immediately preceding or follow-

ing total obscuration, when the very narrow crescent

of the sun is seen separated into a number of bead-

like appearances—bright points alternate with dark

Fig. 5.—Beaded Eclipse.

spaces all along the limb. They were first described

by Mr. Francis Baily during the eclipse of 1836,

and hence acquired the appellation of " Baily's

beads." The phenomenon has been thus explained :

—The contour of the moon is not perfectly circular,

for as seen projected upon the sun in solar eclipses

it presents a serrated or jagged outline, due to the

mountainous nature of her surface ; and it is obvious

that as this serrated figure steals closely towards

the sun's interior margin the dark mountain peaks
will first envelope it, while the intervening valleys

will still allow fragments of sunlight to be dis-

cernible. This must occasion a series of luminous
])oints on the affected limb, giving rise to the bead-

like appearances so often described by observers.

Mr. Dimkin observed the total eclipse of July

28, 1851, at Christiania, Norway, and thus describes

the apjiarition of " Baily's beads," which he recog-

nised both before and after the total phase :

—

"About fifteen seconds before the beginning of

total darkness the narrow line of the sun broke up

into numerous small particles or beads of light.

They were of dififerent sizes, some being mei-ely

points, while others appeared elongated. Their

appearance was of intense brilliancy, and the only

thing with which I can compare it is a necklace of

diamonds. The effect on the mind at their forma-

tion was quite overpowering. I was unprepared

for so magnificent a sight. At the reappearance

of the sun the same general appearance of the

phenomenon of ' Baily's beads ' was exhibited, but

the eflPect on the imagination was not so strik-

ing, though the brilliancy of the beads seemed

equal to that noticed at the commencement of

totality."

But the chief phenomena of these eclipses, and

one having many important bearings, is the coro)ia,

or halo of light (which apparently surrounds the

dark image of the moon), and the flaming protube-

rances extending a considerable distance from the

limb. These singular and almost startling appear-

ances are invariably present in total eclipses, though

in diflPerent forms and degrees; but we must content

ourselves with a bare reference to the subject here,

as it has been already discussed and illustrated in a

former paper.*

The number of eclipses in any year cannot

exceed seven, nor be less than two, in which case

they are both of the sun. Solar eclipses are of

more frequent occurrence than lunar eclipses, in the

proportion of about three to two
;
yet the latter phe-

nomena are more commonly observed, because they

are visible from all parts of the earth's surface

having the moon above the horizon, which includes

an entire hemisphere, whereas the former are limited

to a thin chord of the earth's surface, rarely exceed-

ing 1-50 miles in breadth.

Since the eclipse of December 22, 1870, the

eclipses of the sun visible in this country have been

of small dimensions, and indeed there is no pros-

pect of our witnessing a large eclipse until the

close of the present century, viz., on May 28, 1900.

In fact, we shall find, on consulting a list of these

phenomena, that during nearly the thirty years

included in this interval there is not one of con-

siderable magnitude visible at Greenwich
;

yet

during the quarter of a century preceding 1870

we had no less than six lai-ge eclipses, as follows :

—

* "Science for AH," Vol. II., pp. 78—83.
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Date.

18-17—Oct. 9

1851—July 28

1858—Mar. 15

Mag.

. 0-919

. 0-815

. 0.976

Date.

1860—July 18

1867—Mar. 6

1870—Dec. 22

Mag-,

o-8;io

0-750

0-814

The eclipse of 1847 was tlie largest since 1764, and

was annular in the south of England. That of

1858 was also annular, and very nearly total. At

Swindon, in Wiltshire, it was considei-ed that

"rii^rths of the sun would be obscured, so closely did

be small and unil^lportant. Those

century will include some fine

follows *

Year.

1905

1912

1914

1921

1925

1927

Date.

Aug. 30

April 17

Aug. 21

April 8

Jan. 24

June 29

Middle.

1 p.m.

, Oi p.m.

noon

9 a.m.

3| p.m.

5t a.m.

of the next

eclipses, as

Digits.

. 10

. 11

. 8

. 10

. 7

. 11

Fig. 6.—The Total Eclipse of July 29, 1878.

the eclipse reach the conditions of totality; but

this phenomenon occurred just at a time when
the generally overcast state of the sky prevented

observation nearly everywhere in England.

The next total eclipse visible in this country

appears to be that of June 29, 1927, which will be

best observable in the north of England, but totality

will last only a few seconds. The next following

that will be in 1999 (Aug. 11), total in the S.W.

corner of England. Others will succeed in 2090

(Sept. 23), 2135 (Oct. 7), 2151 (June 14), 2200

(April 14), &c.

We have already said that the visible eclipses

of the sun for the remainder of this century will

Year. Date. Middle. Digits.

1945 July 9 . . 2 p.m. . . 7

1954 June 30 . . Oi p.m. . . 10

1961 Feb. 15 . . 7J a.m. . . 11

1971 Feb. 25 . . 9^ a.m. . 7

1996 Oct. 12 . . 2,^ p.m. . . 7

1999 Aug. 11 . . 10 a.m. . . 11

The largest eclipses of the twenty-first century

will be :—2015 (Mar. 20), 2026 (Aug. 12), 2075

(July 13), 2081 (Sept. 3), 2090 (Sept. 23), and 2093

(July 23). In the twenty-second century there will

be four great eclipses, as follows:—2135 (Oct. 7),

2142 (May 24), 2151 (June 14), and 2200 (April 14).

* Compiled from a table of future eclipses by the Rev. S. J.

Johnson in his -work on " Eclipses, Past and Future," pp. 92-3.
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Not a single eclipse of the sun (total) at Green-

wich may be expected to occur during the next

600 years—a fact which in itself sufficiently

jjroves the great rarity of such a spectacle at any

given point of the earth's surface.

The last two eclipses total in England occurred

nearly together—viz., on May 2, 1715, and May 22,

1724, with an interval of nine years, or half a

Ohaldsean period. Indeed, it not unfrequently

happens that large solar eclipses succeed each other

at this interval ; for example, we may refer to those

of 1833, 1842, 1851, and 1860. According to

Halley no total eclipse was observed at London

between March 20, 1140, and April 22, 1715 (O.S.).

The eclijise represented in Fig. 6 was observed

and depicted by Mr. F. 0. Penrose from the out-

skirts of Denver in Colorado. Some remarkable

streamers, probably of meteoric origin, were seen

emanating from the sun during the period of

totality. The figure shows the blackness of the

moon as compared with the sky on which the

corona was projected. To the north and south

the sky seemed much darker than in the east

and west In the telescope some difficulty was

experienced in fixing the limits of the corona in

the latter directions, but the naked eye observa-

tions showed that the coronal streamers extended

many lunar diameters in each direction of the

ecliptic, especially westward.

Total eclipses of the sun are necessarily of very

brief duration, never exceeding a few minutes.

This will be evident on a consideration of the

elements involved. The maximum aj^parent

diameter of the moon being 2,011", and the

minimum apparent diameter of the sun being

1,892", there is a difference in size of only 119"

under the most favourable circumstances of totality;

and when it is remembered that the moon's synodic

velocity caiTies her on 30" in a minute of time, we
shall understand at once how the transient cha-

racter of these total eclipses are to be accounted

for. "We can also perhaps appreciate the anxious

feelings of observers of such phenomena who may
have travelled many hundreds of miles to note

the important details manifested during the short

interval. Every moment must be utilised in re-

cording the impressive and varied stages of its

progress. The effects upon surrounding objects are

startling. The observer, withdrawing his eye from

the telescope and looking round, sees an unnatural

gloom has settled on the landscape, the faces of

persons standing near have assumed an unearthly

aspect, the planets and brighter stars have come

out. and indeed the spectral, shadowy nature of

the unique spectacle before him is such that,

while it defies felicitous description, it can never

be effaced from the memory.

The visibility of bright stars near the sun during

the shoi't period of totality has suggested that,

should a new planet exist between Mercury and

the sun, the occasion would be extremely favour-

able for its detection. At other times it would be

invisible, from its constant proximity to the sun,

and would obviously never be visible as a morning

or evening star, for at greatest elongation it would

never depart more than a few degrees from his

side. Now during the eclipse of July 29, 1878, a

star was seen by two observers indejoendently

which could not be identified with any known
celestial object, and the inference was that it must

be the sus2)ected intra-Mercurial planet Vulcan.

But the observation led to nothing definite,

and the existence of the long-sought planet can-

not yet be regarded as established. It is a point

to which the attention of future observers should

be directed, for the transit of perfectly opaque

circular spots across the sun's disc has been occa-

S.

Fig. 7.— Spots on the Sun, October 29, 1868.

sionally observed, and a planetary origin must be

ascribed to such bodies, as they have exhibited

distinct peculiarities of appearance and motion,

quite different from the ordinary solar spots. As to

the latter phenomena, they are generally visible

;

and it is an interesting feature of solar eclipses to

watch the moon's dai-k limb encroaching upon

them, and, after their temporary obscuration, to
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note their successive reappearances. These solar

spots are sometimes very numerous and varied, as

in October, 1868 (Fig. 7).

The intense glai-e of the sun renders it necessary

in observations of solar eclipses to protect the eye

with coloured glass. The phenomenon is then con-

veniently -witnessed through its various stages, and

if a telescope provided with such a glass is at hand,

the interesting features of the occurrence may be

fully brought out. Occasionally, when the eclipse

happens with the sun at a low altitude, there is

sufficient mist to moderate his intense lustre to

a suitable degree, and the progress of the phe-

nomenon is watched with great facility. This

happened before sunset on October 8, 1866, when

the sun became immersed in a band of fog

lying over the western hoi'izon, and the eclipse

then taking place afforded a striking spectacle to

many observers.

The ancients connected eclipses with the chief

contemporary events of history. Ricciolus has

indeed given a list of eclipses, with their historical

relations. Among them we find the following :

—

B.C. 585 (May 28), an eclipse of the sun, foretold

by Thales, by which a peace was brought about

between the Medes and the Lydians ; B.C. 431

(Aiigust 3), total ecli23se of the sun—a comet and

plague at Athens; B.C. 168 (June 21), a total

eclipse of the moon—the next day Perseus, King of

Macedonia, was conquered by Paulus Emilius;

A.D. 306 (July 27), an eclipse of the sun—the

stars were seen and the Emperor Constantius died;

A.D. 1133 (August 2), a terrible eclipse of the sun

—

the stars were seen; a schism in the Church occa-

sioned by there being three Popes at once. But

the earliest eclipse of which a good record is pre-

served occurred on June 15, in the year 763 before

the Christian era, at Nineveh, where it was nearly

total. An inscription on the Assyrian tablets in

the British Museum relates to this phenomenon,

which appears to have been a very startling one on

account of its great magnitude.

A CLOD C

By r. W. Eur

Curator of ihe Museum

WHAT can seem at first sight to be less pro-

mising as the subject of a scientific essay

than a clod of clay 1 We may watch the navvy

as he digs into the stiff, dull-coloured earth, but our

cuiiosity is not easily excited by the heavy and

shapeless lumps turned over by his spade. Yet

to an inquiring mind, always athirst for know-

ledge, there are two questions immediately sug-

gested by even the most iinattractive object.

"Whether the object be natural or artificial, we
spontaneously ask on first seeing it

—" What is it

made of V And as soon as a satisfactory answer

has been vouchsafed to this inquiry, we as naturally

put this second qiiestion—" How has it been made?"

In the case of a clod of clay it is by no means easy

to answer these questions off-hand. On the one

hand we miist turn to the chemist, on the other

to the geologist, in order, first, to determine the

composition of the clay, and then to discuss the

many problems connected with its origin.

But ages befoi-e the sciences of chemistry and

geology took birth, men had been attracted by the

curious properties of clay, and had learnt to skil-

fully utilise these properties in various ways. The

)F CLAY.
LER, F.G.S.,

of Practical Geology.

early settlers in the valleys of the Euphrates, the

Tigris, and the Nile did not overlook the remark-

able plasticity of the clayey mud which existed in

plenty beneath their feet; they soon recognised

the ease with which it received the faintest impres-

sion when moist, the readiness with which it could

be kneaded into any desired shape, and the

hardness and durability which the same material

2:)resented after it had been dried in the sun, or,

still better, baked by fire.

Such properties led to the extensive use of clay

for building purposes in the early centres of civilisa-

tion ; and the same properties still render it one of

our most valuable materials for construction. Where
stone is scarce, brick is so constantly emjjloyed

that the expression " bricks and mortar " has come

to be synonymous with an aggregation of human

dwellings. Nor is it only as a constructive material

that clay claims attention. From time immemorial

the potter, like the brickmaker, has taken advan-

tage of the remarkable set of physical properties

possessed by clay, and not to be found in any other

material. The plasticity of clay when damp, and

its durability when baked, give to it an undisputed
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place as the basis of all fictile art. Whether it be

the humblest piece of domestic earthenware, or the

highest artistic effort of the porcelain-manufacturer,

it is still clay that

forms the raw material

upon which the potter

works. And in other

ages clay has enjoyed

a still wider range of

utility. Among the

ancient Assyrians and

Babylonians, for ex-

ample, a clod of clay

was often used where

we should employ a

sheet of paper or a
Fig. l.-Prism of Baked Clay from u.- vellum T^ine
Assyria, with Cuneiform Writing. ^'^^ veiium. Ijine

upon line of arrow-

headed writing was impressed upon the clay, and

the tablet thus inscribed has come down to us as

an almost imperishable monument of literary and

historical interest (Fig. 1).

What, then, we may well ask, is the nature of

the substance which from so early a period has been

applied to such a multitude of uses ? In approach-

ing the study of clay it is not desirable to begin

with a common clod, such as may be dug up any-

where ia London, because this common clay is sure

to contain vazious impurities which, by masking its

properties, tend to complicate our inquiry. At
starting, it is well to procure the clay in its purest

possible form, and this we can fortunately do with-

out going outside our own country. In certain

parts of Cornwall and Devon there occurs a very

pure clay, as white as chalk, and therefore utterly

unlike our London clay. Since this white clay is

found chiefly in Cornwall it is often called Cornish

clay ; and because large quantities of it are used in

the Potteries for the manufacture of china or porce-

lain, it is also known as china clay. Scientific men,
however, have yet another name for this material,

more learned than those just given, but unfortu-

nately much less expressive. It is known scien-

tifically under the name of kaolin.

This curious word, kaolin, has been borrowed,

like so many other things connected with the potter's

art, from China. In the early part of the last

century, a French Jesuit, named Francis Xavier
d'Entrecolles, resided as a missionary at King-te-
chin, one of the oldest and most famous ])orcelain-

making localities in the empire. The Pere d'En-
trecolles numbered among his congTegation many
of the cliina-makers, and from them he obtained

not only information about the manufacture, but

also samples of the raw materials, which he sent

home to France. Among these materials was the

white china clay which he described as kaolin

—

a name signifying " high ridge," and being, in fact,

the name of a mountain to the east of King-te-chin,

where the material is worked (Fig. 2). D'Entrecolles,

however, was neither mineralogist nor chemist, and

appears to have erred considerably in some of his

details—so considerably, indeed, that it is doubtful

whether this white clay, after all, should really be

called kaolin. But be that as it may, the name has

Fig. 2.—Chinese Clay-workers. (From a Drawing by a Native in
Stanilas Jidien's " Histoire de la Porcelaine CJdnoise.")

become so familiar to scientific men that it would

be useless to attempt to oust it from our nomen-

clature. In this article, therefore, we shall speak

of the purest white clay indiflPerently as kaolin, or

china clay, or Cornish clay.

If the reader has not lived in a district producing

china clay, or in the Potteries, where it is so largely

used, he has possibly never had an opportunity of

seeing this material. Let us, then, suppose that a

lump of china clay lies before him, so that he may
make himself familiar with the substance and take

stock of its physical characters. He will find it

to be a soft, white, dull, earthy substance, rather

greasy to the fingers when rubbed, especially if the

clay be moist. Touched with the tongue, the

kaolin slightly sticks to the moistened surface,

much as a new tobacco-pipe adheres to the lips.

When breathed upon, the kaolin emits a faint smell,

such as may be perceived on examining any piece
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of moist clay. This smell is highly characteristic

of clays and clay-like bodies, and is therefore termed

an argillaceous odour.

Sight and touch and smell are of little or no avail

when we pass from the physical characters of the

clay to the deeper question of its chemical constitu-

tion. Mere inspection utterly fails to penetrate

into the composition of the body, and appeal m\ist

needs be made to experiment. A lump of kaolin

looks suspiciously like a lump of chalk ; but a

simple chemical test at once detects the difference.

Drop a little vinegar or other acid on to the chalk,

and effervescence immediately ensues, in conse-

quence of the disengagement of bubbles of carbonic

acid gas. Now treat the kaolin in the same way,

and it will be seen that the acid produces no per-

ceptible effect. One thing, therefore, is certain

—

whatever the kaolin may be, it is not chalk.

In an article on "Rubies and Sapphires,"* it

was stated that clay is essentially a silicate of

alumina ; or, in other words, a combination of

silica with alumina. No amount of ocular inspec-

tion could ascertain this fact—it is a fact which

can be revealed only by delicate analysis in the

chemical laboratory. One of the constituents,

silica, is that kind of matter which occui-s ])ure as

rock crystal, while the other component, the alu-

mina, is found to be the basis of the ruby. Yet

the most searching microscope is powerless to

reveal in a pure clay the slightest particle of either

of these bodies. This is, of course, because the silica

and the alumina exist in clay not free, but in a

state of chemical combination.

In addition to the silica and the alumina, all

clays contain more or less water. A clod of clay

may be baked in the sun until it becomes so dry

and hard that no one would suspect that it could

still retain water in its composition. Nevertheless,

this hard dry clay is a hydrated compound, con-

taining water in a state of intimate combination

with the silicate of alumina. The presence of this

combined water is a point of great importance in

the study of clay, since upon it depends, in large

measure, the plasticity of the substance, or its

power of being kneaded when moist.

It should be carefully noted that the water found

in ordinaiy clay is not all in a state of chemical

union. Part of the water in a clod of clay is

but loosely associated with the material, having

been mechanically absorbed by the clay and stored

up in its pores ; hence it is sometimes called pore-

water, or Jtyyroscopic moisture. Exposure to the

* " Science for AU," Vol. II., p. 362.

temperature of boiling water gradually drives off

this moisture, leaving the clay dry to the touch,

but nevertheless containing much water in a more

intimate state of association—water which is che-

mically combined with the clay, but still capable of

removal by prolonged exposure to a high tem-

perature.

When a clod of moist clay is kneaded into a

brick and dried in the sun, it loses its hygroscopic

water, and forms a mass sufficiently hard to be used

for building purposes, at least in situations where

it is not likely to be exposed to rain. Such sun-

dried bricks were made in Egypt and elsewhere in

the East at a very early period, and are still used

to a limited extent in Mexico and other parts

of Spanish America, under the name of adobes.

In a moist climate, however, such bricks are

utterly useless. A mass of sun-dried clay eagerly

absorbs rain, and returns to its originally soft

and plastic state ; but when exposed to the

action of fire, a radical change is effected in its

composition and properties. Its water of combina-

tion is then more or less completely expelled, so

that the well-burnt brick becomes a mass of dehy-

drated clay. Rain may fall upon the burnt brick

and be mechanically absorbed, but this water does

not re-enter into chemical union, and the clay con-

sequently refuses to resiime its natural plasticity.

A thoroughly-burnt brick, or still better, a piece of

pottery, may be reduced to powder and mixed with

water, but the resulting mass, though moist, is

utterly unlike the original clay.

Here, then, a fundamental change has been

effected in the material, and a great advance thiis

initiated in the potter's art. It is obvious that

until man had observed the remarkable change

brought about by the action of fire on clay the use

of pottery must have been exceedingly limited.

Vessels of unbaked clay are of little use for hold-

ing liquids, since, by absorbing moisture, they

become moist and sticky. It is often said that

the ancient sepulchral urns which the antiquary

unearths from beneath those barrows that formed

the burial-places of many of our pre-historic an-

cestors are vessels of unbaked clay ; but it may be

safely asserted that unburnt clay could not be

buried for twenty centuries without becoming soft

and distorted in shape (Fig. 3). There can be

little doubt, indeed, that these ancient British

urns have been subjected to some degree of arti-

ficial heat—baked, perhaps, in the very pyi'e on

which the body was reduced to the heap of ashes

which the vase contains ; but in many cases the
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rig. 3.—Ancient British. Urn ot Clay,

" Brouwen's Uni," from Anglesey.

operation of firing the vessel has been so crudely

performed that the heat has not penetrated to the

heart of the ware, and the clay is therefore but

imperfectly freed

from its water.

It has been said

above that when
burnt clay is ex-

posed to moisture

it absorbs the water

without combining

with it. This ab-

sorption of moisture

shows that burnt

clay is j^orous. For

some purposes the

porosity is an ad-

vantage, as in the

case of water-coolers, where the absorbed moisture,

finding its" way through the pores of the vessel

from within outwards, suffers evajjoration on the

outside, and thus robs the vessel and its contents

of the heat which is necessary for the conversion

of the liquid into vajiour.

Porous baked clay is generally known as terra-

cotta—an Italian term, meaning literally "baked

earth." Valuable as terra-cotta is for certain j^ur-

poses, its use is obviously limited. Asa rule, we do

not want vessels which have open pores, and we
tlierefore generally coat the absorbent surface of

the baked ware with a layer of glaze—a material

which chokes up the pores and produces an imper-

vious surface. The glaze is nothing more than a

kind of glass, in some cases ti-ansparent, but in

other cases more or less opaque j if opaque, how-
ever, it is generally termed an enamel.

When a j^iece of clay is dehydrated by baking or

"firing," it shrinks, in consequence of the loss of

water. Hence pottery of all kinds diminishes in

volume during the process of manufacture. It has

been shown by Dr. Aron that the amount of cubic

contraction which clay siiffers is exactly equal to

the bxilk of the water which has been expelled.

This contraction proceeds equally in all directions,

and therefoi-e, while the size of a piece of pottery

is less when baked than when raw, its shape re-

mains unaffected.

Our study of the chemical composition of clay

has led us, almost imperceptibly, to a brief conside-

ration of some of the uses to which clay is applied.

Tlie transition has been perfectly natural, since

tliese ap]ilications are dependent upon, and illus-

trative of, the chemical and physical characters of

147

the material. Biit our study of kaolin remains

exceedingly imperfect until we have made some

inquiiy respecting its origin. What, then, is the

history of this pure white clay ? By what natural

ojjerations has it been formed 1

An answer to these questions is dimly suggested

by observing the mode in which kaolin occurs.

In Cornwall and Devon it is always found

in association with granitic rocks, and in other

countries it is invariably found in the neighbour-

hood of granite or of some rock more or less akin

to granite. It has been already explained * that the

kaolin results from the decomposition of one of the

mineral constitiients of granite, called felspar. In

Fig. 1, jD. 249, Vol. I., the felspar is represented by

the large white parallel-sided crystals. jSTow in

certain gi-anites these crystals of felspar become

altered, and ultimately converted into a soft white

pasty substance. The white substance resulting

from the decay of the felspar is neither more nor

less than kaolin. The decomposed granite contain-

ing the kaolin is termed by Mr. Collins Carclazyte,

since the rock occurs typically at the Carclaze

woi-kings, near St. Aiistell, in Cornwall. Such a

rock is commonly known to Cornishmen as "soft

growan."

Up to this point, then, we have reached the con-

clusion that china clay is a product of the alteration

of the felspathic component of granite or of some

kindred rock. Let us now turn to the chemist,

and inquire how such a change can be brought

about. In this inquiry we shall be helped by

comparing the composition of the felspar with that

of the clay, by noting the difference between the

original material and the derived product. The

composition of felspar, however, is far from being

invariable, and the mineralogist is familiar with

several distinct kinds of felspar, exhibiting within

certain limits considerable diversity of composition.

But the commonest kind of felspar, and that which

iisually yields kaolin, is made up of silica, alumina,

and potash. The clay, as already explained, con-

tains silica, alumina, and water. Hence it appears

that in order to convert felspar into kaolin we
must remove potash and add water. True ; but we
must do more than this. The felspar contains

about G5 per cent, of silica, while the kaolin con-

tains only something like 45 per cent. During the

alteration, then, a large proportion of silica has

disappeared. In fact, it is not only the potash, but

the silica witli which this potash was combined,

that has been removed from the felspar. The

* "A Piece of Granite : " " Science for All," Vol. I., p. 248.
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potasli has, no doubt, been earned oS in the form of

some soluble compound, but the silica has probably-

been left to some extent behind. Mr. J, A. Phillips

has found in some of the Cornish kaolin large

crystals of quartz which exhibit at both ends well-

shaped faces, and could therefore not have been

planted upon a rock, since there is no apparent

jjoint of attachment. Hence it is suggested that

these crystals have been developed in the soft

paste, and represent in fact some of the silica which

has been separated from the felspar during its

degradation to the state of clay.

In order to transform felspar into kaolin it is

necessary to abstract the silicate of potassium and

to introduce water. It has frequently been pointed

out that such a change may be wrought by the

action of air and rain, the alkaline silicate being

thereby decomposed and the potash removed in

solution as a carbonate, while the silicate of alu-

mina remains behind in a hydrated condition, in

the form of kaolin. Such an explanation is seduc-

tive by its simplicity, but unfortunately close

observation shows that it does not exactly square

with the facts. In short, the decomposition of

granite and consequent production of clay is not

most conspicuous in those situations where atmos-

pheric action has been rife, but is in many cases to

be observed in the deeper-seated portions of the

rock where surface agencies can hardly have been

at work. Hence many chemical geologists have

felt compelled to evoke chemical agents of a more

complex and potent kind, such as may be found in

the subterranean circulation of waters containing

hydrofluoric and boric acids. But into the chemical

mysteries of these darksome depths we are not pre-

pared in this paper to dive.

One of the most important practical differences

between the china clay and the felspar from which

it was produced lies in the diminished fusibility of

the product. The potash in the original felspar

plays the part of a flux, and promotes the fusibility

of the mineral ; but the clay, having lost all the

alkali, is extremely diflicult of fusion. Practically

most clays contain impurities which act as fluxing

agents, but in the case of " fire-clays " we have

materials which are extremely refractory, and are

therefore of great value, since they can be used in

building fui'naces, where they may be exposed to

powerful heat without melting.

In consequence of the comparative infusibility of

pure clay, it is impossible to make china of kaolin

alone. Earthenware or pottery may be made with,

out any fluxing material ; but china or porcelain is

a partially vitrified body, and therefore requires the

presence of fusible materials in association with the

clay. It needs no connoisseur to detect the differ-

ence between a piece of pottery and a piece of porce-

lain. Hold them in front of a strong light, and
it is at once seen that while the earthenware is

opaque the china is more or less translucent—that

is to say, it allows some amount of light to be

transmitted. This transluceney is dependent on
the presence of a glassy material associated with

the grains of clay. In order to get this vitrifiable

material the potter mixes the kaolin with a sub-

stance called china stone or Cornish stone. This is

a kind of granite, having its felspar only slightly

altered, and still retaining sufiicient alkali to fuse

into a vitreous mass. Those people who call china

clay kaolin are in the habit of calling china stone

petuntse, another of Father d'Entrecolles' Chinese

terms, which appears to have become attached to

the china stone without the slightest justification.

Chinese scholars tell us that tun signifies " brick,"

and pe " white," while the termination tse, meaning

"son," is used here as a diminutive, so that the

entire expression pe-tun-tse is nothing but " a little

white brick," and might with more justice be ap-

plied to the cakes of china clay than to the harder

granitic rock.

Whatever confusion has crept into the use of

these terms, there is no doubt about the fact that

porcelain cannot be made without both the clay and

the stone ; the former is likened by the Chinese

potters to the " bones " of their ware and the latter

to its "flesh." It was ignorance of this fact-—the

necessity of using the two materials—that made
the manufactui'e of porcelain for so many ages a

profound mystery to Western nations, while it is a

due appreciation of this fact that enables the

modern manufacturer to produce such beautiful

varieties of porcelain. The greater the proportion

of the fusible constituent, within certain limits, the

more delicate and vitreous is the china. A beauti-

ful material, known as ivory jwrcelain, has of late

years been produced by mixing the kaolin with

felspar instead of china stone, and thereby obtain-

ing a maximum of glassiness combined with great

delicacy of tone.

During the bakuig of a piece of porcelain the

material imdei'goes incipient vitrification, and this

is necessarily attended by contraction of bulk.

Hence a piece of porcelain shrinks during its

manufacture, partly by loss of water, and partly

by the closer iinion of its particles, due to imper-

fect fusion. Some natural clays contain so much
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alkaline material and oxide of iron that when

highly baked they suflFer a slight vitrification, and

break -with a close grain and a glassy texture ; for

it must be borne in mind that kaolin, which we

have hitherto taken as the type of a clay, is a

substance of exceptional purity, and that all ordi-

nary clays are associated with more or less foreign

matter, by which their physical and chemical

characters are seriously affected.

In some cases the kaolin has been carried, by

means of running water and other transporting

agencies, to a considerable distance from its

original source in the decomposing granite. During

transit the clay wUl be separated, more or less

completely, from the quartz and other minerals

with which it was associated in its parent rock,

and thus a deposit of clay may be formed by

natural agencies, almost as pure as though it had

been artificially prepared by careful washing.

Such is probably the origin of the well-known

clays which occur in the neighbourhood of Bovey

Tracey, not far from the edge of Dartmoor, in

Devonshire. This clay is known in the Pottei'ies,

from the place o£ shipment, as Teignmouth clay.

It is generally believed by geologists that these

clay-beds and the associated strata were deposited

in a fresh-water lake, which received the waste

brought down from the granite that forms the high

ground of Dartmoor. Around the margin of this

ancient lake, and in the neighbouring woods,

flourished a prolific vegetation, which has left its

remains in the shajDe of beds of lignite, or imjierfectly

formed coal, associated with the Bovey clays. Pro-

fessor Oswald Heer, a distinguished Swiss botanist,

has sagaciously pieced together the waifs and strays

of this old flora, and has thus reconstructed the

sub-tropical forests which existed in Devonshire at

the time when the Teignmouth clays were in course

of deposition—a time known to geologists as the

Miocene, or mid-tertiary period. From his studies

we learn that the commonest denizen of the miocene

forests of Devonshire was a gigantic cone-bearing

tree, closely akin to the mammoth tree of Cali-

fornia, and named Sequoia Couitsice (Fig- 4).

While the counties of Cornwall and Devon
yield those clays which have hitherto been de-

scribed in this paper, we must turn to the neigh-

bouring county of Dorset for the most important

of all our plastic matei'ials. In the Isle of Purbeck

we find the clay which forms the staple of our

common pottery. This clay is extensively worked

in the neighbourhood of Wareham, and being ex-

ported to the Potteries from Poole Harbour, is

often known as Poole clay. The geological position

of this Dorset clay is somewhat lower than that of

the Bovey beds, most geologists placing it in that

pai't of the Eocene strata which has been called the

Fig. i.—Braucli of tlie Seriuoia Conttsics,

Lower Bagshot group. The Dorset clay is tliei'O-

fore slightly younger than the London clay, upon

which the metropolis is seated, and slightly older

than the Bovey clays of Devon.

Although the pipe-clays and potter's clays of

Dorsetshire are more distant than the Bovey clays

from any gi-anitic rocks, it is nevertheless generally

believed that they have a similar origin. The

materials resulting from the disintegration of the

gi'anites of the Western hills might be carried by

streams to a considerable distance, and the finer

particles of clay would be retained in suspension

long after the water had deposited the coarser part

of its burden. If the current of the stream were

arrested by the water spreading out into a lake,

the finely divided matter would slowly settle and

form a deposit of clay. Such is believed to be the

origin of the Dorset clays—^an origin very similar

to that of the Devon clay ; and the similarity is

seen to be even closer when the fossil plants

are put in evidence. Baron von Ettingshausen,

M. De la Harpe, and Mr. J. S. Gardner have

studied the fiora of the Bagshot clays, and from the

natiire of this floi"a—^with its palms, avoids, and

cacti—have concluded that a sub-tropical climate

must have prevailed in this country while the clays

were deposited in the Dorsetshire lakes.

During the transport of a clay from one spot to

another by natural agencies, it often happens

—

especially if the distance of transport be great—

•

that the material becomes contaminated with
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various substances which it encounters in its

journey. Moreovex', in many cases old beds of clay

have been washed away, and the product—mixed

with other substances—re-deposited elsewhere in an

exceedingly impure form. Of all the foreign bodies

which thus find their way into clay, the most

common is silica. The analyses of most clays

reveal a larger proportion of silica than is to be

found in pure kaolin, and the excess is probably

])resent in a state of mechanical admixture. Some-

times, indeed, the free silica may be detected in the

form of fine grains of sand disseminated through

the mass of clay.

Since silica is exceedingly difficult of fusion, its

presence in a free state renders the clay highly

refractory, and is therefore of value in those

materials which are required to resist heat. The
most famous fire-clay in this country—that of

Stourbridge, in Worcestershire—contains as much
as 65 per cent, of silica, or nearly 20 per cent, more

than is to be found iu a pure kaolin. The Stour-

bridge clay occurs in the coal-measures, and its

relation to the coal is worth a moment's notice.

When the late Sir William Logan was engaged,

forty years ago, in examining the South Wales
coal-field, he was struck by the fact that each bed

of coal rests upon a layer of hardened clay. This

layer is known to miners as under-day, seat-earth,

or coal-seat, names which at once exj^lain its con-

nection with the overlying seams of coal. Fig. 2,

Yol. I., p. 88, not only shows the position of the

under-clay {a) beneath the coal (6), but also shows

that this clay is penetrated by the roots of fossil

plants. There can hence be no doubt that the

under-clay x-epresents the ancient soil which sup-

ported the forest of coal-forming plants, each bed

of clay repi-esenting a fx-esh land-surface. The
Stoux-bx'idge fix-e-clay is an under-clay of this

natux'e.

The presence of fx-ee silica is of value in a clay,

not only by i-endering it x'efractory, but also by
helping to diminish the shrinkage which the clay

sufiers when baked. To avoid the production of

cracks conseqxient upon contraction^ the brickmaker

is in the habit of mixing sand with his clay, while

the potter for a like reason incorpoi-ates ground

flint with the finer clay ixpon which he operates.

Maxxy clays in their natural state contain sufficient

admixture of sand to be used at once for brick-

making, and are consequently known as brick-earth.

Thus the upper pax-t of the London clay, becoming

saxxdy, passes into a bx'ick-earth or loam.

The term loam is applied to all kinds of impux-e

clay, but the principal impurity is generally sand.

Whexx a clay contains a good deal of carbonate of

lime—which is a vexy common constituent of x-ocks,

and is thex'efore likely enough to find its way into

a clay—it is termed a marl. A max-1 is therefox'e a

calcax'eous clay, while a loam is a sandy clay. Marls

ax-e often used in the maxxixfacture of pottery, and

in this case an additional source of contx-action

dux'ing firing is fouxid in the expulsion of the

cai'bonic acid from the cax-bonate of lime. In

making yellow bricks fx'om the brick-earths of the

Thames Yalley below London, it is common to add

carbonate of lime in the fox-m of gx'ound chalk.

Without the addition of this chalk, the clay would

yield a x-eddish instead of a yellowish bx-ick.

When a clay bux-ns x'ed, it may be taken as a sure

sign that iron is px-esent. The iron occurs gexxex'ally

in the fox'm of oxide, with or withoxxt water, but

sometimes as a cax-bonate, or even sulphide. If the

clay in its natux'al state be x-ed, the ix-on is present

as that compound which is kxiown to chemists

variously as peroxide of iron, sesquioxide of iron,

or ferx'ic oxide. If the clay be yellowish or bx-owxi,

the oxide present is combined with watex", as

hydrated pex'oxide of iron or fex-x-ic hydrate ; but

when the clay is burnt the water is expelled, axid

the oxide, thus reduced to the anhydx'ous conditioxx,

imparts a red coloixr to the clay. In bx-icks, tiles,

Fig. 5.—Specimen of Samian Ware (Eomau Eed Pottery).

and terra-cotta it is frequexxtly desired to produce a

fxiU x-ed colour, and hence ix-on-beax-iug clays are

purposely employed. The beautiful E-oxxian pottexy,

known commonly as Samiaxi ware (Fig. 5) is so

uniformly of a x'ich red tint, i-esembling sealiixg-wax,

that the old pottex's mxxst have mixed some kind of

ochre with their clay. Oix the other hand, in the

manufacture of most earthexxwax-e the presence of

iron is extx-emely prejudicial, since it prevents tlxe

potter from producing a fine white body. Clays

which ai-e destitute of iroxx ax-e thex-efox-e eagerly

sought ixi the Pottex-ies, and xnuch of the value of

the Dorset axxd Devon clays may be tx-aced to their



A CLOD OF CLAY. 21

comparative freedom from any ferruginous im-

purity.

While referring to the occuiTence of iron in

clays, some mention should be made of the remark-

able deposit of very fine red clay which has been

shown, by the explorers in the Challenger expedi-

tion, to cover vast areas in some of the deepest

parts of the sea-bottom. It is believed by Mr.

Murray that the greater part of this reddish mud
has been produced by the decomposition of fel-

spathic substances, such as pumice. In its origin,

therefore, it resembles most other clays, while

analysis shows that it also resembles them in com-

position. According to another view, which has

been put forth on high authority, part at least of

this red clay represents the insoluble residue left

on the solution of multitudes of minute calcareous

tests, or shells, belonging to the foraminifera.*

It is worth while to note the resemblance of the

latter view to that which has been advanced, with

Fig. 6-
—"Pockets" of Clay and Sand in Mountain Limestone,

near Llandudno, North. Wales.

much ingenuity, to account for the origin of many
of the finer clays found in this country. Mr.

George Maw has suggested that many of our clays

are merely the undissolved matter of limestone

rocks, the greater part of the solid rock having been

carried off by running water, while the insoluble

impurities are left behind in an extremely fine

state of division. Thus, the " pockets," or egg-cup-

shaped cavities («), in the moimtain limestone (6),

represented in Fig. 6, contain clay which may have

been produced in this way. It has even been sug-

gested that such an explanation may be extended

to explain the origin of the pipe-clays and potter's

clays of Bovey and Wareham. Instead of holding

* " Science for AU," Vol. I., p. 14.

that these clays, as explained above, represent the

decomposition of granitic rocks, it has been boldly

argued that they are merely the insoluble impurities

of the chalk—a rock which probably at one time

spi'ead in gi'eat thickness over the ai"ea in ques-

tion, but which has been stri2:)ped off, or denuded, by

geological agencies, leaving vast quantities of a fine

clayey residuum.

Before leaving the subject of clay, it is well to

state definitely what has before been mentioned

incidentally, namely, that many beds of clay have

undoubtedly been formed by the breaking-up and

reconstruction of still older clays. The rocks

known as " shales " and " slates " are nothing but

beds of clayey mud which have been hardened and

otherwise altered,f These rocks, which form a

very considerable portion of the eaith's crust, are

constantly being disiaitegi'ated, or broken up, by the

action of such destructive agencies as air and rain,

frost and thaw, stream and wave. Ultimately the

rocks are reduced to the state of a fine mud, con-

sisting mainly of silicate of alumina, which may be

carried off by rumiing water to a considerable dis-

tance, and there redeposited as a new stratum of

clay.

And thus it may happen that the clay which

is being dropped particle by particle on the sea-

bottom to-day has been derived from the destruc-

tion of some ancient clay, and this perhaps in turn

from a clay of yet earlier date, until finally—if we
could carry our inquiiy far enough backward—we
might trace it to the disintegration of some old

granitic or other felspar-bearing rock. Such are the

changes which may be read in the histoiy of many
a clod of clay. They are strange and various

enough, but it will be seen that in all cases we
trace the origin of the clay to the alteration of

other kinds of mineral matter ; and it need hardly

be said that science knows nothing of the produc-

tion of clay from organic sources, such as the

poet refers to when he tells us that

—

" Imperious Caesar, dead and turned to clay,

Might stop a hole to keep the wind away."

t "Science for AU," Vol. I., p. 342.
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A HOUSE FLY.

By Arthur Hammond, F.L.S.

THE immense class of insects is divided by

naturalists into a few great divisions called

orders, which are distinguished from one another

by the number and character of the wings of the

insects which compose them. Thus we have seen *

that the Cockroach belongs to the order Orthoptera,

or straight-winded insects. So now if we look at a

house fly we shall find that it belongs to the order

Diptera, or two-winged insects, the hinder pair of

wings being converted into two little organs like

drum-sticks, called halteres or balancers. If we
examine any specimen under a magnifying glass we
shall find that like all other insects, the body is

divided into three parts, the head, the thorax or

breast, and the abdomen or belly, and each of these

parts again consists of a certain number of rings or

segments. This division of the body into segments

is the great distinguishing feature of all those

animals which Cuvier grouped together under the

term Articulata. It is seen in the earthworm

which consists of a number of similar rings follow-

ing each other. Here, however, we find nothing

like jointed limbs attached to the segments, but only

a few very fine bristles with which the creature

forces its way through the soil. The sea and sand

worms are, however, more elaborately provided

with fleshy tubercles, and a whole armoury of

bristly weapons. The higher classes of articulate

animals, such as centipedes, spiders, crabs, lobsters,

and insects, are again distinguished by the possession

of jointed legs, articulated to the body and re-

placing the simpler tubercles and bristles of the

worms.

But, it may well be asked, how is it possible to

regard so complex a creature as a crab, a beetle, or

a fly as made up of a number of rings or segments 1

Indeed, on a supei'ficial view it is difficult to realise

that such is the case, and the difficulty arises from

the fact that while the ringed type of structure in

all of them is fundamentally the same, the modifica-

tions which it undergoes in each segment, are

subject to endless diversity. Thus some of the

rings may be enlarged to a comparatively enormous

extent at the expense of those adjoining them.

Some of them may be furnished with legs or wings,

while others are destitute of these appendages, and

two or more rings may be so welded together as to

render their separate identification a matter of

* " Science for All," Vol. III., p. 32.5.

considerable difficulty. The more perfectly organised

the body is—that is, the more the various actions

and processes of life are carried out by organs

specially adapted for their purpose—the more will

its parts difier from one another, and the less uni-

formity of structure will it present. In the worm,

the centipede, or the maggot of the very fly which

forms the subject of this paper, each one of the

similar segments of which its body is composed

contributes a little to the act of locomotion, but in

the perfect insects locomotion is efl'ected much more

perfectly by means of organs (the wings and legs)

specially fitted for that purpose alone, and confined

to one particular part of the body, namely, the

thorax. The fly is a more highly-organised animal

than the worm, the centipede, or the maggot, and

its parts differ from one another, and the complexity

of its structure is increased in coi'responding pro-

portion.

Insects are usually said to be composed of

thirteen segments, viz., one for the head, three for

the thorax, and nine for the abdomen. Inasmuch

as the various appendages of the head, the jaws,

antennse, &c., are believed to be the limbs of

originally distinct segments, there is much reason

for considering the head as really composed of five

segments instead of one, but we will prefer to

regard it here as the first segment of the insect, and

commence our description therewith.

We have seen that the cockroach is furnished

with a pair of very long jointed organs called

antennse. Those of the fly are very diflerently

formed, and are composed of six joints only. They

lie in a hollow in the front of the head, and imless

looked at cai'efully with a microscope it is probable

that only the third and sixth joints will be discerned

the first, second, fourth, and fifth being very minute

(Fig. 2). The third joint is covered all over with

a great number of little sacs extending inward from

the surface, and covered with a fine membrane.

Some have supposed that this joint is an organ of

hearing, others of toiich, and others of smelling. It

is -possible that insects may possess senses which

we do not know, and of which thei-efore we cannot

form an idea. The three last joints spring from

near the base of the third, and not as usual from

the end of it, and the sixth is furnished with a tuft

of fine hairs.

Perhaps the most wondei'ful portion of the fly's
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structure is the month. The mouths of insects are

of two kinds—the mandibulate, or biting moutli,

of which we have had an example in the cockroach,

and the suctorial mouth, or that adapted for suc-

tion, and of the latter there are many different

forms ; but whatever may be the form of the

mouth it always consists of the same parts differ-

ently modified, though it does not follow that they

are always present in their full complement. The

mandibles and maxillte wliich are so conspicuous in

the mouth of the cockroach are absent from that of

the fly, or, if present, are at least so diflicult to recog-

nise that we shall not notice them here. The mouth,

therefore, consists of the following parts only—viz.,

the labrum, the labium, and the maxillary palpi,which

are visible under ordinary circumstances. If, how-

evei-, we watch the insect while feeding in the sugar-

basin we shall see that these parts form collectively

the terminal portion of a double-jointed or elbowed

organ (Fig. 9), of which the basal portion, known
as the pharynx, lies usually within the head, but

can be extended at will, and the terminal joint

being then straightened upon it, the two together

form what is called the proboscis—an organ, indeed,

not quite so big as that of the elephant, but quite

as indispensable to its tiny possessor. As the

mouth of the fly is of the suctorial kind, we shall

find in the pharynx a most wonderful provision for

caiising the ascent of fluids from the mouth to the

gullet, and so on to the stomach—in fact, this part

forms a very perfect pump. The greater j^art of

it is filled with muscles (Figs. 3a, 35, 3c), which by

their conti-action separate the walls of its cavity

and thus cause a vacuum, into which the fluid

aliment, moistened by the saliva, rushes. The

muscles then relax and the pharynx closes upon

its contents, which are thus passed on to the

gullet.

The labrum (Fig. 5) forms the covering of the

mouth from above. It is a small lancet-shaped

piece, and lies in a groove on the upper surface of

the enormously enlarged labium. It is provided at

the base with two long processes which lie on either

side the pharynx, and are connected thereto by

muscles, by the action of which the proboscis can

be straightened when in use.

The labium is a very complicated and beautiful

organ. It consists of the mentum—a horny piece

on the under side of the base of the terminal joint,

the upper surface of which is hollowed into a groove

to receive the labrum ; from tlie base of this groove

springs the tongue, a very fine horny lancet, which

thus lies between the labium and the labrum.

The labium is terminated by two large fleshy lobes

constituting the ligula, as in the cockroach, only

here the lobes have become the most important and

striking feature in the mouth. They are each tra-

versed by a series of channels excavated in the soft

membranous integument and converging to two

lai'ger ones of a similar character, which again open

into the groove of the labium. All these cliannels,

which have received the names of false trachea, are

kept open by a great number of horny rings, or

rather half-rings (Fig. 10). In the blow-fly these

half-rings are forked alternately at either end (Fig.

11), thus making the proboscis a very beautiful

microscopic object. The end of all this complicated

arrangement appears to be to facilitate the flow of

fluid substances by capillary attraction towards the

mouth.

The maxUlary palpi (Fig. 5) are two club-shaped

organs, springing from the membranous integument

of the pharynx. Although the maxillse are not

seen in this insect they are found in some others,

such as the gad-fly and the various kinds of hoverer

flies, where they take the form of lancets, in com-

mon with the labrum and the tongue.

The eye of the fly is composed of a great number

of similar parts, each of which serves the purpose

of a separate eye but it is doubtful whether the

faculty of vision is so perfect as in man and in

those animals whei'e one highly-finished organ sup-

]Aies, the place of all this multitude. Externally,

the surface is divided into minute hexagonal areas,

or facets, as they are called, about 2,000 to each

eye, each of which is a double convex lens, the

cornea of a separate eye, though sometimes the

term cornea is applied collectively to the whole of

them. Each facet (Fig. 12) has behind it a conical

body surrounded by dark pigments, the apex

abutting on a fibre of the optic nerve. A very

pretty experiment may be made by placing a flat-

tened portion of the cornea of the eye on the stage

of a microscope, and then holding a small object

such as the point of a knife between the stage and

the mirror, when the image of the object will by

careful adjustment be visible in each of the facets.

We will now pass to the second division of the

body—the thorax (Figs. 1 and 14), in which the

organs of locomotion are concentrated. The three

segments of which it consists are known by the

following terms—viz. : the pro-thorax, the meso-

thorax, and the meta-thorax, which may be easily

remembered as fore, middle, and hind thorax, such

being the meaning of the Greek jarefixes employed.

Each bears a pair of legs, and in addition the meso-
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thorax carries the wings and the meta-thorax the

halteres. In the cockroach it was easy to separate

the three segments from each other, but in the fly

this is mvich more clii3&cult, for although we are

sure, from the existence of the three pairs of legs,

that three segments are concerned, yet it will be

found that they are so merged together into one

compact mass that it is only by carefully com-

paring it with other insects, and by taking into

account its internal muscular structure that we are

able to know where one segment ends and another

begins. It will suffice, therefore, here to state that

as the wings are the most important organs carried

by the thorax, and require large muscles to effect

their movements, the segment to which they belong

—viz., the meso-thorax, is greatly enlarged at the

expense of the other two, almost the whole of the

parts shown in the accompanying drawing of the

thorax (Fig. 14) belonging to it. By a universal

law of growth the enlargement of any one segment

is always accompanied by a corresponding dimin\i-

tion in those adjoining it ; thus the pro-thorax is

reduced to a mere rim in front to which the fore-

legs are attached, and of the meta-thorax scarcely

anything remains but its appendages—the halteres

and the hind-legs. In the meso-thorax of the fly

may be seen all the parts of which an insect seg-

ment can consist—viz., a dorsal plate on the upper

surface, a ventral plate on the lower surface, and

two lateral or side-plates; also two pairs of ap-

pendages : an upper pair, the wings, and a lower

pair, the legs (Fig. 15). The dorsal i^late covers

the whole surface of the back between the wings.

The ventral and lateral pieces are scarcely less

conspicuous. The former occurs between the

fore and middle legs. In the pro-thorax the

upper pair of appendages are wanting in the perfect

insect, but exist as two button-shaped bosses on the

back of the pupa (Fig. 21, pa). In the pupa of

the gnat they are very conspicuous, and carry the

breathing organs. In the meta-thorax the uj^per

pair of appendages are found in the halteres, which

are a kind of modified wing. Some have thought

that they serve to balance the insect during flight

like an acrobat's pole; it is probable, however, that

they serve some other purpose beside, as organs of

sense, for peculiar microscopic structures are found

at their base, to which one of the largest nerves in

the body proceeds.

The wings, like those of other insects, consist of a

double membrane
;
they are in principle flattened

bags or sacs, extensions of the skin—or integument,

as it is called—of the thorax
;
they are strengthened

by folds of the membrane called nervures, in which

ramifications of the trachese or breatliing tubes run.

Both surfaces are covered with very minute haii's.

The legs consist of the same parts as those

already enumerated in the cockroach. The tarsal

joints are five in number and the last is furnished,

in addition to the two claws which are found in all

insects, with a delicate pad (Fig. 13) by means of

which the fly is enabled to walk upon walls, ceilings,

&c. The pad is furnished on its imder surface with

a great number of trumpet-shaped hairs (Fig. 1 3«),

from the ends of which a viscid fluid is secreted,

which causes the feet to adhere sufficiently to any

surface to bfear the insect's weight. Flies are fre-

quently attacked with a kind of mould called

Empusa mmcce, which eventually kills them, but

before this happens they are rendered so weak by

the progress of the disease thus caused that they

cannot exert sufficient muscular force to detach

their feet from the surface on which they rest, they

become therefore glued to the spot, and die there.

In the autumn, dead flies may frequently be seen

thus fixed on windows, &c., the still spreading

fungus forming a whitish patch around their

bodies.

The rings of the abdomen are, as before stated,

nine in number. Of these, the first five are very

simple, consisting only of a dorsal and a ventral

plate, with no appendages. It is in this portion of

the body that the articulated structure is more

easily seen. The dorsal plates are much larger

than the ventral (Fig. 16) and occupy at least three-

fourths of the circumference of each segment, the

small ventral plates occupying a narrow space in

the centre of the under surface. The four last

segments constitute the reproductive organs.

Before we leave the external parts of the insect

we must look at the spiracles, of which the most

conspicuous are those of the thorax. They

belong to the hinder portion of each segment,

and there are two pair's of them, one belonging to

the pro-thorax in front, and one to the meso-thorax

behind. The meta-thorax has no spiracle. They

are furnished with branching processes, projecting

across the opening for the pm-pose of keeping out

dust, &c. (Fig. 17). The spiracles of the abdomen

are situated near the lower edges of the dorsal plates

(Fig. 16), and are very small, requiring a microscope

to reveal them
;
they are little round pores with a

few hairs projecting across them (Fig. 7). The

main trachese of the thorax extend from the anterior

to the posterior spiracle on each side, and branch

out in all directions between the great muscles,
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Various Parts of the House Fly.

(Explanation of Figures will he found on p. 27.)
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whicli occupy tliis part of the body, as may be seen

in Fig. 18. From this a large branch passes into

the head and another into the abdomen, at the

base of which it swells out into two large sacs

filled with ail'. The abdomen of the drone flies is

frequently rendered almost translucent by the

presence of these large air sacs.

The nervous system of the fly, as in the cockroach,

consists of a series of ganglia connected by nerve

cords. This type of structure is, however, greatly

modified in the fly; the ganglia, which in most

other insects are I'epeated at each segment, are here

concentrated into two chief nerve centres, one in

the head, and one in the thorax. That in the

head, which may be called the brain, surrounds the

gullet (Fig. 9) and sends nerves to the eyes, antennae,

mouth, &c. The nerves of the eyes are very large,

and are called the optic nerves. A filament from

them enters each of the cones of the eye. The

nerve centre of the thorax supplies the muscles of

this part of the body—a large branch goes to the

halteres, and a long branching filament to the

various organs of the abdomen. If a fly be pre-

served in spirits it will render the nerves hard,

white, and easily traced.

The alimentary canal (Fig. 1 9) * commences with

the pharynx, and passing through the bi'ain enters

the thorax, this portion forming the gullet. It

then divides into two branches, one of which is

continued as a fine tube into the abdomen, where it

opens into a double sac, the crop. Into this the

food first passes, and after remaining for a time is

brought up again, and passes into the other branch

to undergo digestion. The other branch opens at

once into the gizzard, a globular cavity with thick

walls which secretes the gastric juice. As the fly

feeds upon fluid substances this organ is not pro-

vided with teeth like that of the cockroach. The

gizzard is followed by the stomach or ventriculus,

which occupies the whole length of the thorax, its

surface is divided into little square pits by the

longitudinal and circular muscular fibres which

surround it. The tubes which open into the

stomach of the cockroach are not present in the

perfect fly, but there are four of them in the larva.

The small intestine, or ileum, extends from the

stomach to the opening of the bUe tubes (or Mal-

pighian glands), which are succeeded by the large

intestine, or colon, and the rectum, as we have seen

in the cockroach. The rectum of the fly is a pear-

shaped cavity into which project four little glandular

* The parts of the alimentary canal should be compared with
those of the Cockroach.

organs called the rectal papillse. The salivary

glands commence in the thorax as long convoluted

naiTow tubes, one on either side of the stomach,

but their blind extremities extend into the abdomen.

Each tube opens anteriorly into a little sac which

communicates by a ringed duct with the base of

the tongue. Their ofiice is to secrete an acrid juice

called the saliva. It is this which is poured into

the wound and imparts its painful character to the

bite of gnats and other insects. The bile tubes are

long beaded tubes which unite together in pairs, to

empty themselves by two large ducts into the

intestine. A diflerence of ojjinion exists as to

whether they answer to the liver or the kidneys of

the higher animals.

The muscles of the fly are attached to the inner

surface of the horny integument, which thus

answers the purpose of a skeleton. They difier

from those of the higher animals, chiefly in the fact

that they are, at least many of them, attached

directly to the integument at either end without

the intervention of tendons, so that they are of

equal diameter throughout. Like the nerves, they

are rendered hard and white by the action of spirit.

"VVe shall have space only to notice the most

important, whicli are those of the thorax (Fig. 22).

This part of the body, with the excej^tion of the

narrow passage left for the stomach and salivary

glands, is entirely filled with muscles. The two

principal masses occur just under the dorsal plate,

and extend longitudinally from end to end of the

thorax. On either side of these, and separated from

them by the main trachese, are other muscles which

take a diflerent direction passing from the dorsal to

the ventral surface. By the action of these two

sets of muscles, alterations are produced in the

shape of the thorax resulting in the alternate

elevation and depression of the wings during flight.

These alterations and the consequent movements of

the wings, may be produced artificially by taking

a recently killed fly, and placing one blade of a

pair of dissecting forceps behind, and the other in

front of the upper part of the thorax, and alter-

nately compressing and relaxing the forceps, when

the wings will be seen to open and close as they do

during flight. .

As in all other insects, there are no blood-vessels

in the fly, and the heart is represented by a

slender pulsating tube called the dorsal vessel.

The larva or maggot of the fly is found in dung,

but as that of the blow-fly found oh meat is so

much better known, we will conclude with a few

words on it ; the description of the one will apply
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pretty well to the other. The body (Fig. 4) con-

sists of thirteen segments, and is unprovided with

feet, its movements being effected by the contrac-

tion of one segment upon another, aided by a pair

of minute hooklets (Fig. 8), the mandibles, with

which it tears its way through the festering mass

in which it lives. Eyes thei'e are none, for they are

not required, A pair of fleshy globular organs

well supplied with nerve cells, may represent

either the antennae or palpi. The alimentary canal

is somewhat similar to that already described in the

fly, except that the crop opens by a short neck into

the gullet, instead of being connected thereto by a

long tube, as in the fly. Two long silvery tubes,

the main tracheae, extend nearly the whole length of

the body, and open by spiracles in the last segment.

These spiracles are rather curious, a drawing (Fig.

23) of one is given among the woodcuts. When
the time arrives for the insect to undergo its

metamorphosis, the skin of the larva dies, turns

first red and then almost black, and hardens into a

barrel-shaped protective covering for the insect

called the pupa case (Fig. 6). Within this a great

change takes place, all the muscles and tissues of

the maggot disappear, with the exception of the

nervous centres, and are resolved into a semi-fluid

matter from which those of the fly are formed anew
within a delicate integument called the pupa skin.

The pupa case or dead skin of the larva thus serves

the same purpose as the silken cocoon spun by the

silkworm, only the maggot has not the trouble of

spinning it, and the enclosed pupa skin answers to

the skin of the silkworm pupa (or chrysalis, as it is

sometimes called) when it is removed from the

cocoon. The legs and wings of the future insect

are each enclosed in a separate prolongation of the

pupa skin (Fig. 21) which remains behind as a

delicate membrane in the pupa case after the escape

of the insect from its pi-ison. So great is the

change that it is almost diflicult to conceive that

the maggot and the fly are one and the same

being.

EXPLANATION OF FIGURES (See p. 25.).

Fig. 1.—House Fly : h, Head ;
f, Thorax

; a, Ahdomen.
Fig. 2.—Autenna : the numerals indicate the several joints.

Fig, 3a.—Pharynx, Longitudinal Section : m, Muscles
; c, Cavity.

Fig. 3b,—Ditto, Transverse Section, closed, the Muscles being

relaxed.

Fig. 3c.—Ditto open, the Muscles contracted.

Fig. 4.—Maggot of the Blow-Fly : 1 1, Main Tracheae.

Fig. 5.—Mouth of the House-Fly : Ir, Labrum
;
m, Mentum

;
mp,

mp, Maxillary Palpi ; I, I, Lobes
;

tr, tr, False Tracheae
;
pr, pr.

Processes of Labrum.
Fig. 6.—Pujoa Case.

Fig. 7.—Abdominal Spiracle.

Fig. 8.—Head of Maggot of Blow-Fly : m, Mandible
;
a, Antenna,

Fig. 9.—Section of Head of House-Fly, showing pTi, Pharynx ; g,

Gullet passing throvigh ; hr. Brain
; fs, Frontal Sao. The parts

of the Mouth as iu Fig. 5.

Fig. 10.—False Tracheas of House-Fly.

Fig. 11.—False Tracheae of Blow-Fly, showing the Open Front of

the Tube and the Forked and Straight Ends of the Rings.

Fig. 12.—Cornea and Cones of Eye in Section.

Fig. 12a.—Facets of Eye.

Fig. 13.—Foot of House-Fly : cc, the Claws
; pp, the Pads,

Fig. 13o.—Hairs of Pad.

Fig. 14.—Side View of Thorax of Blow-Fly
;
dp, the Dorsal Plate

;

Ip, Lateral Plate ; vp, Ventral Plate
;
sp, sp'. Spiracles of Pro- and

Meso-thorax ; the Pro-thorax and Meta-thorax are distinguished

by dotted shading, all the central portion being Meso-thoracic.

Fig. 15.—Ideal Section of an Insect Segment : ap, ap, Superior, ap',

ap'. Inferior Appendages ; Dorsal, Ventral, and Lateral Plates as

before.

Fig. 16.—Under Surface of Abdomen of House-Fly : sp, sp, Spiracles;

Dorsal and Ventral Plates as before.

Fig. 17.—Pro-thoracic Spiracle.

Fig. 18.—TracheaB ramifying through Muscles of Thorax.

Fig. 19.—Alimentary Canal: g, Gullet; giz, Gizzard; ss. Sucking
Stomach ; ven, Ventriculus ; s;;, Salivary Gland

;
i, Ileum

; co.

Colon ;
)', Rectum with its Papillae.

Fig. 20.—Haltere.

Fig. 21.—Pupa of Blow-Fly : pa, Pro-thoracic Appendage.
Fig. 22.—Section of Thorax of Blow-Fly, showing, m, Longitudinal

Muscles of FUght.

Fig. 23.—Spiracle of Larva of Blow-Fly.

METEORIC STONES.

By G. F. Rodwell, F.R.A.S., F.C.S.,

Science Master in Marlborough College.

A METEORIC stone is one of those "uncommon
objects of the country " which the casual

student need hardly expect to come across in the

course of a lifetime. However, the name some-

times occurs in the newspapers, and a visit to any

considerable collection of natural objects cannot

fail to bring those anxious for their nearer acquaint-

ance into visual communication, at least, with a

greater or less number of these objects. In the

British Museum, for example, there are at present

about 3-39 specimens gathered from many parts of

the world (Fig. 1 ). On consulting Professor Maske-

lyne's catalogue it will be found that certain curious-

looking nodules of an iron-like substance are styled

" meteorites." A meteorite is literally that which

is raised aloft in the air, and the term was formerly

applied much more generally than now. Thus, any

transitory phenomenon taking place in the atmo-



28 SCIENCE FOR ALL.

sphere was called a meteor. There were aerial

meteors, such as winds
;
aqueous meteors, such as

rain, snow, and fog ; meteors depending on the re-

fraction of light, such as the rainbow, mirage, and

parhelia ; and luminous meteors, such as shooting

stars, lightning, and the aurora borealis, nearly all

of which have been already discussed. Although

the term meteor is now commonly restricted to

shooting stars,* the science of meteoi'ology, which,

as used by the ancients, and in accordance with its

etymology, once embraced all the appearances of

the heavens, still includes the phenomena which

determine weather, seasons, and climate.

Meteoric stones, or meteorites, are solid masses

which fall to the earth from the regions of space,

and which often appear to form the nucleus of

shooting stars. The meteoric stones in the British

Museum are arranged into:—(I) Aerolites, or air

stones, which are stony masses consisting of various

silicates similar to those found in terrestrial rocks,

interspersed with isolated particles of nickeliferous

iron and troilite (protosulpliide of iron). Of these

the museum possesses 211 specimens, the largest of

which weighs one hundred and thirty-four pounds.

(2) Aerosiderites, or simply Siderites, masses of

native iron, usually nickeliferous, and containing

jihosphides of nickel and iron, troilite, and some-

times carbon. Of these the museum possesses 114

specimens, the largest of which weighs more than

three and a half tons (8,200 pounds). (3) Sidero-

lites, which are meteoiites consisting of porous or

sponge-like masses of nickeliferous iron containing

in cavities various silicates, such as are found in

aerolites. Thus siderolites partake of the character

of both aerolites and siderites. The museum
pomesses twelve such specimens, the largest single

stone weighing nearly sixteen pounds.

Many well authenticated records of the fall of

meteoi'ites exist. The usual accompaniments are

loud reports like thunder ; the sky appears

darkened and much disturbed, and the meteorite

moves forwai'd sometimes as a dark, dusky cloud,

and sometimes surrounded by a dazzling luminous

haze. At times a vast fire-ball sails through the

sky, leaving behind it a long fiery track ; then the

mass explodes with a detonation like that of a

thousand cannon, and numbers of meteoric stones

are projected with a great velocity to the earth.

Sometimes they sink to a depth of several feet

into the soil. They are usiially hot if dug up im-

mediately, and some large stones are said to have

remained hot for several hours after reaching the

* "Shooting Stars," "Science for AU," Vol. II., p. 144.

earth. From the fact of their sinking into the

soil they are frequently discovered long after their

fall, and under such circumstances, if they are iron

meteorites, the surface is usually considerably

rusted and weathered. However much this may
complicate the examination of the surface, it is

always easy to recognise a meteorite by its internal

structure, and by chemical analysis. Its composi-

tion differs from that of terrestrial rocks ; metallic

iron is extremely rare in nature except in meteor-

ites, and the iron-nickel alloy, usually containing

about ninety per cent, of iron to ten per cent, of

nickel, is exclusively meteoric.

Ancient records of the fall of meteoric stones are

abundant. They are mentioned in a fragment of

Sanchoniathon, by Damascius, and by Aristodemus.

Livy mentions a fall of stones which took place on

the Alban Mount in the reign of TuUus Hostilius,

and Pliny asserts that a large stone fell near

^gospotamos, in Thrace, in the second year of the

78 Olympiad. A large mass weighing 255 pounds

fell in Ensisheim, near Basle, on the 7th of

Novembei', 1492, and a portion of it is suspended

by a chain near the door of the church. Cardan

asserts that more than a thousand stones fell from

the clouds in 1510 near Milan; and Gassendi

affirms that he saw a flaming stone, apparently of

four feet in diameter, fall on an eminence situated

between the towns of Perne and Guillaumes, in

Provence. "When picked up it was found to be of

a dark metallic colour, and very hard. It weighed

fifty-nine pounds. A very perfect descx'iption of a

meteoric stone is given by Mr. Howard. In

December, 1798, the inhabitants of Benares ob-

served a large fire-ball passing across the heavens
;

presently it exploded with a loud noise, scattering

a number of stones. " Of these stones," says Mr.

Howard, " I have seen eight nearly perfect : ex-

ternally they were covered with a hard black coat,

or incrustation, which in some parts had the

appearance of varnish or bitumen ; and on most

of them were fractui-es, which, from their being

covered with a matter similar to that of the coat,

seemed to have been made in the fall by the stones

striking against each other, and to have passed

through some medium—probably an intense heat

—

previous to their reaching the earth. Internally

they consisted of a number of small spherical

bodies of a slate colour, imbedded in a whitish

gritty substance, interspersed with bright shining

spiculse, of a metallic or pyritical nature. The

spherical bodies were much harder than the rest of

the stone ; the white gritty part readily crumbled
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on being rubbed with a hard body ; and on being

broken a quantity attached itself to the magnet,

but more particularly the outside crust or coat,

which appeared almost wholly attractable by it."

In 1776, Dr. Pallas, a Russian naturalist, found

a mass of nickeliferous iron, weighing 1,400 pounds,

near the summit of a mountain in Siberia. It was

a siderolite, mainly made up of nickeliferous iron,

the cavities of which were filled with olivine. The

iron was very malleable, with a fine grain, a shining

On April 15th, a peasant of Kaba, in Hungary,

who was asleep in the open air, was awakened by

a report as of thunder. He saw at the same time

a brilliantly luminous globe of fii'e, which shot

acs'oss the sky and disappeared. Next morning an

aerolite shaped like a loaf of bread was found near

the village. It was analysed by Wbhler, and

found to contain iron, nickel, olivine, and a car-

bonaceous substance of the nature of paraflin. In

the following- October a great fall of aerolites took

Fig. 1.—Meteoric Stones. {From specimens in the British Museum.)

I, rrom New Cnncord, MuBkingnim Co., Ohio, U.S.A.. Pell May 1, 1860. One frasment of several thousand. About lOJ inches hiab. 2, Prom Qutnhar Bazaar,
Butsura, Sarun, India. Fell May 12, 186L Fragment. About 13 inches high. 3, Prom Wold Cottage, Thwing, Yorkshire. Fell Dec. 13, 1795. About
9 inches higli.

silvery lustre, and a specific gravity of 7 -84. The

inhabitants of the district had a tradition that this

mass was seen to fall from the clouds. A few

years later a great number of aerolites fell near

Sienna. Dr. Phipson, in his work on Meteors,

Aerolites, and Falling Stars, has pointed out that

the year 1857 was rather remarkable for the

frequency of the meteoric falls. On February

28th, an immense aerolite fell with a thundering

crash about noon, at Parnallee, in the Madras

Presidency. On collision with the earth it split vip

into numerous fragments, one of which, weighing

134 pounds, is in the British Museum. A little

later in the year, aerolites fell at Stavropol, north

of the Caucasus ; and at San Jose, in Costa Rica.

place in the Commune des Oiuues, in Yonne.

Loud detonations were heard in the air, a globe

of fire of large diameter was seen to move towards

the earth, and presently a shower of stones de-

scended, one of which passed near the head of a

mason who was standing on a ladder. He descended

at once, and found the stone sunk into the ground

to a depth of about half a foot.

A remarkable meteorite fell in the Arrondisse-

ment of Casale, in Piedmont, on the 29th of

February, 1868. At half-past ten in the morning

loud detonations, similar to discharges of artilleiy,

were heard, followed by noises resembling the

explosion of a mine. These were heard twenty

miles ofi", at Alexandria. The sounds had scarcely
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died away when an irregular mass resembling a

small dark cloud appeared at a great distance above

the earth, enveloped in.what appeared to be a cloud

and leaving behind it a long train of smoke. Then

a number of aerolites fell to the ground, the largest

of which weighed nearly fifteen pounds, while two

other pieces of less weight were found each about

two miles distant. Flammarion states that in the

Island of Lanai^-Uamai there is an aerolite six

yards in diameter imbedded in the ground, which

fell at the beginning of this century, and which has

resisted all attempts to raise it to the surface.

The Swedish Arctic expedition brought back

some very remarkable meteorites in 1870. They

were discovered lying loose on the shore in Green-

land, and immediately resting on basaltic rocks of

Miocene age, in which they were probably origin-

ally embedded. Some of the masses of native

iron were found to enclose fragments of basalt,

while iron of the same composition as that of

the meteorites was found disseminated through

the basalt. The composition of these masses

of iron being quite different from that of any ter-

restrial rock. Professor Nordenskjold regards them
as meteoric, and he believes that the fall took

place over an area of two hundred square mUes.

The ii'on is nearly free from silicates, but it contains

sulphide of iron, and a good deal of occluded gas,

also five per cent, of nickel, and from one to two
per cent, of carbon. The largest mass weighs

twenty-one tons, and its maximum sectional area

is about forty-two square feet. But some geologists

are of oj^inion that these masses are of telluric

origin, and that they were, perhaps, projected by
volcanoes in early stages of the earth's history.*

A considerable addition to our knowledge of

meteorites was obtained in 1876, when an aerolite

fell at Stalldalen, in Sweden, at 11.50 a.m. on June

28fch. The fire-ball from which it descended was

visible over a large portion of middle Sweden, and

it appeared as a large pear-shaped mass, which seen

from some localities was of blinding whiteness,

from others of a fiery red. From some points of

view it resembled a luminous streak of violet

light, from others the streak appeared white, and

reddish-white, or light grey. In size the fire-

ball equalled that of the full moon, and when it

burst a white smoke remained. The meteor

emanated from a point in Cephei, and it became

luminous at a distance of 2.50 miles above

the earth. Its diameter has been estimated at

* Kink: "Danish Greenland." Edited by Robert Brown.
Pages 81, 82.

1,500 feet. It is remarkable that it was not visible

at the point where the meteoric stones fell, pro-

bably on account of the small cloud of absorbed

matter collected in front of it ; but loud detona-

tions were heard, as also rumbling and rattling

noises. The stones did not fall with a great

velocity ; one of them, weighing eighteen pounds,

made a hole in the earth only eight inches deep.

Many were seen to fall. The largest weighed

nearly thirty pounds; but the total number of

stones found was only eleven, weighing in all a

little more than seventy pounds. They were dis-

tributed over an oval space a mile and a quarter

broad by five miles long. They presented on

being broken a coarse breccia-like appearance, and

on analysis were proved to consist of nickeHferous

iron, olivine, bronzite (silicate of magnesia), sul-

phide of iron, small traces of phosphide of iron and

of nickel, and of a phosphate and chloride of ii'on.

To take a final example—the Rowton Siderite

—

and one which is of special interest to us both be-

cause it fell in our own country, and because the

fall of an iron meteorite is so rarely witnessed, that

out of the 114 specimens in the British Museum,
only seven were seen to fall. The following

account of this meteorite is taken from a local

newspaper t :

—

" An addition of exceptional interest has recently

been made to the collection of meteorites in the

British Museum, by the presentation, on the part

of the Duke of Cleveland, of a siderite (ii'on

meteorite) which fell on his Grace's property at

Rowton, near Wellington, in Shropshii-e, about

seven miles north of the Wrekin, on the 20th of

April last. At about twenty minutes to four

o'clock on the day mentioned, a strange rumbling

noise was heard in the atmosphere, followed almost

instantaneously by a startling explosion resembling

a discharge of heavy artillery. There was neither

lightning nor thunder, but rain was falling heavily,

the sky being obscured by dark clouds for some

time both before and after the incident narrated.

About an hour after the explosion, Mr. George

Brooks, stepson of Mr. Bayley, had occasion to go

to a turf-field, in his occupation, adjoining the

Wellington and Market-Drayton Railway, about a

mile north of the Wrekin, when his attention was

attracted to a hole cut in the ground. Probing

the opening with a stick, Mr. Brooks discovered a

lump of metal of irregular shape, which proved to

be a meteorite weighing seven pounds and three-

quarters. It had penetrated to a depth of eighteen

t The WohcrJiampton Chronicle, April 24tli, 1876.
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inches, passing through four inches of soil, and

fourteen inches of solid clay, down to the gi-avel

—

conclusive evidence of the force of its impact with

the earth. The hole (which has been protected for

further investigation) is nearly perpendicular, and

the stone appears to have fallen in a south-easterly

direction. Some men were at work at the time

within a short distance, and they, together with

many other people in the neighbourhood, heard the

noise of the explosion."

. The siderite, when found by Mr. Brooks, was

warm ; the surface was black, but where it had

come into collision with the eai-th, the surface-

crust was rubbed off, and the metallic character of

the mass revealed. The outer crust, on being-

examined at the British Museum, was found to

consist of magnetic oxide of iron ; where this was

rubbed off, a bright surface of nickeliferous iron was

discovered. Deep fissures penetrated into the mass,

and, undoubtedly, much of its substance was rubbed

off by its friction with the atmosphere. In the

account which Professor Maskelyne has given of

this meteorite, he states that out of the whole col-

lection of aerolites in the British Museum, only

eight have fallen on the British Islands, while

the Rowton meteorite is only the second siderite

which is known to have fallen in Great Britain.

From time to time fine dust, having the same

composition as cei-tain meteorites, has fallen upon

the eai'th.* Concerning this, Arago observes :

" L'observation attentive des chutes des poussieres

fait presumer qu'elles ne different pas essentielle-

ment des chutes d'aerolithes ordinaii-es." A re-

markable exemplification of this has recently been

observed by Professor Silvestri, of Catania. Not
only did Silvestri find metallic iron in this extra-

terrestrial dust, but also nickel and various silicates

and phosphates. Whether this dust has been

abraded from meteorites, or whether it circulates

in space, and is^ attracted to the earth when it

penetrates our atmosphere, we cannot tell, but

there is no doubt that it is of cosmical origin.

(Fig. 2).

We are led from the contemplation of the phe-

nomena which accompany the fall of meteoric

dust and stone, to discuss their origin ; and con-

cerning this there are wide differences of opinion,

which, however, resolve themselves into two main
theories.

On the one hand. Professor H. A. Newton, of

Yale College, asserts that they are the same as

shooting stars ; that every shooting star must be a

* " Science for All," Vol. II., p. 149.

solid body ; and that both periodic and sporadic

meteors are solid fragments of certain known or

unknown comets, coming into our atmosphere.

Meteoroids are smaU fragments of such comets,

fire-balls large fragments. In the majority of

cases the meteorite does not reach the earth, be-

cause it is dissipated by the intense heat generated

by its friction with the atmosphere before reaching

the earth. In fact, meteors have often been ob-

served to appear as luminous masses at some sixty or

seventy miles above the earth's surface, and to dis-

appear at from five to ten, leaving behind them a

luminous track of abraded and ignited dust.

Meteors must be solid bodies, because they often

break up into numeroxis pieces, and they move in

curved courses, while we cannot possibly imagine

a gaseous or liquid body as existing permanently

in the solar system. Again, the stone-producing

meteors have the same varieties of coloui*, leave

similar luminous trains behind them, move with

the same velocities, and appear at similar heights

above the earth's surface, as those whicli do not

project meteorites to the earth.

On the other hand, Dr. Ball, Mr. Lawrence

Smith, Dr. Phipson, M. Tscherniak, and others,

consider that meteorites have had a volcanic source

on some celestial body—probably the earth itself.

They found this opinion on the fact that meteorites

are always angular fragments, as if torn from some

parent mass, before they reach the earth ; that they

often present similarities of structure to that of

volcanic tufas, and that iron meteorites ha^e a

crystalline structure, which requires a long period

of formation, in a neax'ly constant temperature, and

which could, therefore, only be accomplished in the

case of large masses.

M. Tscherraak, after rejecting as untenable

the connection of meteorites with shooting stars,

contends that many celestial bodies may be able to

project masses from theii" volcanoes which do not

return by the force of gi-avity. Professor Ball

argues that the sun cannot be the celestial body in

question, because meteorites have the appearance

of having been torn from rocks which were nearly,

if not quite, solid—a supposition which the high

temperature of the sun renders impossible ; and

again, although it is true that its projectile force is

enormous, so also is its attraction of gravitation.

Then, as to the moon, the mass of this planet is

small, and it would not require a great amount of

explosive enei-gy to project a body beyond its

sphei-e of attraction, and the jjrojectile would fall

upon the earth if its distance from the earth's
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centre' -when in perigee were less tlian the radius of

tlie earth ; but it must be rioted that if the pro-

jectile escaped the earth once it would never fall

upon it. Hence, the question of whether meteorites

can come from the moon reduces itself into the

question whether the lunar volcanoes are now
active ; and it is generally admitted that no appre-

ciable volcanic action is now taking place at the

moon's surface. In regard to the minor planets, a

vast projectile force would be requisite, and it has

been calculated that only one meteorite in 50,000

would fall upon the earth.

But that meteorites were projected from the

fig. 2.—Cosmic Dust. {After Silvestri.)

earth in earlier stages of its history, when its

volcanic force was more intense, seems more pro-

bable. It is true that an initial velocity of six

miles a second would be required ; but every pro-

jectile would, after accomplishing an elliptic orbit

round the sun, pass through the track of the earth,

and at every subsequent revokition it would pass

through the same point. Thus, according to Pro-

fessor Ball and others, the earth, whenever she

receives a meteorite, is gathering back to her bosom

the fragments launched into space in an earlier

period of her history.

M. Stanislas Meunier, in the examination of

three meteorites, one of which fell in Chili,

one at Caille, in the Maritime Alps, and the

third at S^tif, in Algeria, has discovered a

curious relationship between them. He finds

that the Chili meteorite is a mixture of two rocks

;

and that it is composed of iron identical with that

of Caille injected into a stone, which is identical

with that of Setif Thence he concludes that the

iron is an eruptive rock, and he believes that he

has proved the Caille iron and the Setif stone to

have been mutually connected by stratification

upon an unknown planet. Formerly siderites fell,

now aerolites falL Diu-ing the last 118 years only

three falls of iron meteorites have been recorded,

while three stony meteorites fall every year.

Perhaps even a new kind is beginning to fall, fo

carbonaceous meteorites were unknown before 1803,

and four have been since observed. M. Meunier

believes that meteorites are the fragments of

heavenly bodies which once revolved round the

earth or the moon. These, in virtue of tlieu- small

Fig. 3.—Microscopic Section of Meteoric Stoue.

volume, have come to riiin much sooner than the

moon, and their fragments have arranged them-

selves according to their density in concentric zones

around the focus of attraction, towards which they

are constantly impelled. The masses nearest the

centre were of iron, and they were the first to fall,

then came the stones of less density. Hereafter

will, perhaps, arrive crystalline rocks, and then

stratified formations. These views were combated

by Professor Maskelyne, and rejected, and the

counter arguments urged by M. Meunier are not,

we must confess, very convincing. At all events,

we think that the subject is not yet fit for such

speculative ti'eatment.

Professor John Le Conte, proceeding from the

statement made by Nordenskjold, that during the

shower of meteoric stones which fell near Hessle,

in Sweden, on January 1st, 1869, masses weighing

two pounds, which fell on the ice, failed to pene-

trate more than three or four inches, and re-

bounded, shows that the small velocity thus indi-
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cated must be due to the resistance which the

meteorite experiences on entering the atmosphere.

He calculates that the maximum velocity attained

by a cubical stone weighing two pounds, and

having a specific gravity of three, is 159 feet per

second, only one-tenth of the initial velocity of a

rifle bullet. Its penetrating power would only be

one-hundredth part as great as that of a mass of

similar dimensions moving with the velocity of a

rifle bullet. If the two-pound mass of stone were

spherical instead of cubical, it would, under similar

conditions, strike the earth with a velocity of 197

feet per second ; and with larger meteorites the

velocity would enormously increase. In fact,

meteors have been observed moving with velocities

included between fourteen and foity miles per

second.

We have now to enquire what is the composi-

tion of meteoric stones. No new element has ever

been found in them, but no less than twenty-four

of the existing elements :

—

Hydrogen Chromium Arsenic

Lithium Manganese Vanadium
Sodium, Iron Phosphorus

Potassium Nickel Sulphur

Magnesium Cobalt Oxygen

Calcium Copper Silicon

Aluminium Tin Carbon
Titanium Antimony Chlorine.

The elements in italics have been found in the

sun, together with a few others which have not

yet been found in meteorites.

The rocks to which meteorites bear the nearest

resemblance as regards mechanical structure, are

certain volcanic bombs and tufas. We have before

described the general composition of the three

classes of meteorites. A convenient method of ex-

amination as to the proximate constituents of such

bodies is afibrded by the microscopic examination

of their transparent slices (Fig. 3), They are then

often seen to be crystalline throughout ; at other

times they consist almost entirely of spherules and

granules. The mineral constituents of meteorites

have been tabulated as follows by Professor

Maskelyne :

—

The elements are

—

Iron with nickel, containins

traces of cobalt and copper ; in some and probably

in all cases with hydrogen, carbonic oxide, or other

gases occluded in the metal ; Carbon (both as

graphite, and in combination with iron)
;
Sulphur.

The compounds are

—

Troilite,* or protosulphide of

iron
;
Magnetic iron pyrites

;
Magnesiu7n sulphide ;

Oldhamite, or sulphide of calciutn; Osbornite, a

double sulphide of titanium and calcium
;
Mag-

netite, or magnetic oxide of ii-on
;

Chromite, or

chromate of iron ; Silica ; Oxide of tin. The follow-

ing silicates :—Olivine, a silicate of magnesia and

protoxide of iron
;
Eustatite, a silicate of magnesia

;

Bronzite, a silicate of magnesia and protoxide of iron

;

Augite (in several varieties), a silicate of magnesia

and Kme; Anorthite, a silicate of alumina and lime;

Labradorite, a silicate of alumina, lime, and soda

;

Schreibersite (in several varieties), phosphides of

iron and nickel
;
Hydrocarbons, not yet sufliciently

investigated, f

The Pallas siderite, already mentioned (p. 29),

shows the following composition:—Iron, 88-04;

nickel, 10-73; cobalt, 0-41; manganese, 0-13;

copper, 0-07; magnesium, 0-05; carbon, 0-04;

in addition to a residue of iron, nickel, phosphorus,

and magnesium, insoluble in hydrochloric acid,

and a trace of sulphur and silica.

Although much remains to be discovered re-

garding the composition of meteoric stones, we may
probably with safety assert that they have been

formed under conditions in which neither water

nor free oxygen gas was present.

Various specimens of meteoric iron, if polished

and then etched with an acid, exhibit peculiar

crystalline markings, known as " Widmanstiidtean

Figures." Berzelius considered that they were due

to an alloy of iron and nickel disseminated through

the mass, which is less soluble than the surrounding

matrix, but it is more probably due to the insoluble

residue of Schreibersite or phosphide of iron and
nickel, which remains after treating the siderite

with hydrochloric acid. It may be added that

many iron meteorites when ignited in a vacuum
give off hydrogen as if they had cooled in an

atmosphere of that gas, and " occluded " it at the

moment of solidification. As hydrogen has been

detected in the sun and some of the nebulae, this

supposition is not extravagant.

* The minerals printed in italics are new to mineralogy.

t It is unnecessary to tabulate analyses of meteoric stones,

as these have been fully given by various writers. The one
given may suffice as a specimen of their composition.
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WHY LIGHTNING IS SEEN AS A FLASH AND HEAED AS THUNDER.

By Robeht James Mann, M.D., F.E.C.S., F.E.A.S., etc.

IT lias been shown in a recent paper* that light-

ning is kindled in the thunderstorm by raising

tracks of material substance scattered along its

path into a state of sparkling incandescence, and

that it is in this particular identical in nature with

the ordinary electrical spark. The light, however,

which strikes in either case upon the eye endures

for an almost inconceivably brief interval of time.

It has been shown that the duration of the spark

which issues from the prime conductor of an elec-

trical machine does not exceed the millionth part

of a second. But very delicate and complicated

experiments have had to be devised to prove that

such is the case, because when a quite instantaneous

impression of light has been made upon the human
eye, the effect remains as a vital sensation for

something like the fifth j^art of a second after the

illuminating impulse has ceased. It is for this

reason that a burning stick whirled round in the

dark presents itself to the eye as a continuous circle

of fire. If the stick is made to circle round so

quickly that it returns back to the same position

in the circle five times every second, the impression

of each successive luminous impulse originating in

that part is produced upon the eye before the

immediately preceding impression has died away.

The light of the most intense flash of lightning

probably does not last more than the thousandth

part of a second. The length of the track through

which lightning flashes in the air is sometimes

surprisingly great. M. d'Abbadie measured light-

nings in Abyssinia which were four miles long

from the place where they issued from the cloud

to the point where they struck the earth. M. Petit,

another very trustworthy authority, marked the

extent of a lightning discharge at Toulouse which

proved to be more than ten miles long. In these

cases, however, it seems as if the lightning passed

along a track in which it was able to avail itself of

intermediate stepping-stones of conducting sub-

stance by the way. Some electricians, indeed,

attribute the zigzag form of forked lightning to

this cause. They conceive that there are concen-

trated foci of condensed vapour, or other conducting

substance, so scattered along the path that the

electrical discharge is inclined to leap from the one

to the other as it traverses its devious track. M.
* " Science for All," Vol. III., p. 374.

Dumoncel planned some very ingenious experi-

ments which seemed to demonstrate that the forked

dischai'ge may be artificially produced. A minia-

ture discharge, very nearly indeed resembling the

forked lightning of the sky, is brought about when
an electric spark is passed along the surface of a

pane of glass which has been coated with aventu-

rine—that is, a form of quartz in which spangles

of metallic substance are intermingled with the

siliceous matrix. Lightning of this class, however,

issues only from very densely packed clouds, in

which the nebulous flocculi lie in such close pro-

pinquity that the chai'ged mass approaches to the

condition of a continuous conductor. The resist-

ance of the surrounding air then contributes mate-

rially to the result because it prevents the electrical

charge from accomplishing its escape until it has

acquii'ed a very powerful expansive tension. The

density of the air on this account has much to do

with the intensity and brilliancy of the lightning.

The most terrific storms, for this reason, are met

with in low-lying regions and over plains. The

mountain lightnings, although of frequent occui'-

rence, are feeble in their intensity in comparison

with those which are exhibited in denser regions of

the atmosphere. This peculiarity is very beauti-

fully shown by ai'tificially varying the density of

the air through which ordinary electrical sparks are

allowed to pass. When the spark traverses dense

dry air the luminous track assumes the appearance

of a compact and compressed Hne of brilliant fire.

'But if the sparks are made to traverse the interior

cavity of closed glass tubes, in which the air can

be rendered rare by the action of the air-pump, the

luminous track becomes wider and less brilliant as

the rarity of the air is increased, until at last the

well-known efiect of the vacuum tube is produced,

in which the discharge presents itself as a faint

luminosity filling up the whole interior space of

the tube, instead of as a bright shining line. There

must, however, be a certain density of the air or

gas remaining in the tube, or no discharge at all

can pass. By the employment of the Sprengel air-

pump, in which the vacuum is produced by falling

mercury, the exhaustion of the interior of glass

tubes can be carried so far that no discharge of a

luminous kind can be brought about. This is one

of the most telling proofs yet furnished of the fact
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tliat the electrical spark and glow are matter in a

state of shining incandescence. Where tliere is no

matter to shine, no light can be developed. The

incapability of an electrical discharge to pass

through void space is also interestingly illustrated

by the circumstance that if a gold-leaf electrometer,

with its leaves divergent under an electrical chai'ge,

is placed in an exhausted receiver of an air-pump,

the divergence of the strips is maintained as long

as the receiver remains deprived of its air.

Lightning passes along its extended track vir-

tually in an instant of time. The speed with

which electrical force is transmitted along its path

varies with the resistance which it has to over-

come in each particular case. But in the passage

of lightning through the air this seems to approach

very nearly indeed to the rate at which light

travels through interstellar space, or 186,000 miles

per second. The appearance of the progressive

movement of lightning through the air is simply

an illusion of the senses. It travels along a track

of eight or ten miles with a speed which it is quite

impossible for any human organ of vision to follow.

It is practically everywhere in such a path at once,

and is therefore seen instantaneously everywhere

by the eye. The notion that lightning can be

seen to strike either from the clouds to the earth,

or from the earth to the clouds, is entirely without

foundation in fact. The electric spark travels with

such exceeding speed that it passes through gun-

powder without causing it to explode, unless

some plan is adopted for retarding its pace as it

traverses the explosive grains.

The colour of lightning is altogether due to the

nature of the substance which is made incandescent

in its track. The blue, red, purple, or silver tints

which are ordinarily much more brilliantly marked
in warm climates and inter-tropical countries than

they ever are in England, are due to the same cir-

cumstance as the colour which is designedly com-

municated to the light of different kinds of fire-

works. It is a result of the intrinsic natures of

the vaporised particles which are made to shine.

The vapour of iron has one kind of sheen, and the

vapour of sulphur another. Each different foreign

ingredient that floats in the air has its own proper

hue, which it can communicate to the lightnino-.

The broad flashes of light that appear in the clouds

during a thunderstorm, and that are distinguished

as sheet-lightning, are very often merely the re-

flections from the cloud-mist of the discharges

that pass from one part to another with each re-

distribution of the internal charge, as the tension

at the outer surface is changed by an external

flash. This redistribution of the internal charge is

sometimes also marked by very beautiful lines of

corruscation playing upon the dark background as

the storm drifts away. There is a table-mountain a

few miles awayfrom Pietermaritzburg, in Natal, over

which this kind of display is continually exhibited.

The retreating storm-clouds linger over the flat top

of this mountain, where they can be seen from the

city, in the advancing night. In this dark canopy

of the mountain bright corruscations, accompanying

each redistribution of the electrical charge, can be

watched for hours at a time—now assuming the

form of coronals of electric fire, now running along

in machicolated horizontal lines just above the flat

top of the mountain, and now radiating out in all

directions from a central loop like the cracks of

starred glass.

The flash of a discharge of lightning is followed

after a brief interval of time by the well-known

sound which is recognised as thunder, and of which

some account has already been given.* The flash

and the sound originate simultaneously, but the

flash travels to the eye in an instant, whilst the

sound is transmitted through the air to the ear so

sluggishly that it does not get quite through 1,200

feet in each second, and so consumes five seconds

about every mile of its passage. The sound un-

doubtedly originates in the shock which is caused

in the air by the electric outburst from the cloud.

The air is thrown into rapid vibrations which are

transmitted on th-rough its substance until they

strike upon the ear. As, however, these vibra-

tions are originated in all parts of the lightning's

track, and that track is a comparatively extended

one, the sound cannot arrive at the ear from all

parts of the long path at once, and therefore is

necessarily prolonged. This is why thunder is

heard as a lengthened-out sound, instead of as a

sudden and brief one. What is expressively termed

the rolling of the thunder—the successive rise and

fall in intensity of the lengthened-out sound—is

due in j^ait to the varying strength of the vibra-

tory disturbance at different parts of the track, in

part to the mingling in of secondary sounds de-

rived from subordinate discharges within the cloud,

in part to the interferences with each other of

different systems of vibrations issuing from the

several points in the track, and ci'ossing each other

as they advance towards the listener's ear, and in

some instances to resonant echoes returned from

reflecting bodies distributed aroimd. All these

* " Science for AH," Vol. I., p. 263.
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distinct influences are concerned in producing tte

alternate subsidence and reinforcement which give

its rolling character to thunder.

The interval which intervenes between the per-

ception of a flash of lightning and the hearing of

the commencement of the roll of the thunder is, as

a natural consequence of the circumstances just

explained, an exact indication of the distance of

the nearest part of the lightning's track. If one

second intervene between the flash and the begin-

ning of the sound, the nearest part of the shining

track is just 1,180 feet away ; if five seconds inter-

vene it is 5,900 feet, or a little more than one mile

away.* As a rough estimate, every five seconds

of interval may be taken to represent a mile of

distance. When fifteen seconds occur between the

flash and the beginning of the thunder, the nearest

point of the lightning's track may be considered to

be three miles away. When the interval of silence

is thirty seconds, the discharge is six miles away.

The longest interval that is on record as having

been marked between a flash of lightning and the

consecutive thunder is 72 seconds, which would

represent 84,960 feet, or 480 feet more than

16 miles.

But the continuance of the sound for the same

reason gives a measure of the distance of the several

parts of the electrical discharge, and therefore, with

a certain amount of allowance, of the length of the

lightning itself. Thus, suppose that in the following

sketch (Fig. 1) A represents the position of an ob-

Fig. 1.— Showing- how the Length of a Discharge of Lightning
can be estimated by the Continuance of the Eoll of Consecutive
Thunder.

server when a discharge of lightning takes place

from a cloud at B, and strikes the earth at c, and

that the thunder begins to be heard five seconds after

the lightning has been seen ; then the point b in the

cloud from which the discharge issues is one mile

away from the observer's situation at A. But if

the roll of the thunder continues for fifteen seconds

* It will be remembered that there are 5,280 feet in a mile.

after it has commenced, this shows that the point

c, where the lightning ends, is just three times as

far away from the observer as the point B, where it

commenced. The sound which originates at D in

the lightning's track has twice as long a journey

to make before it reaches the ear at a, as that

which originates at B. It therefore arrives at the

ear five seconds later than the sound which

originates at B. The sound which originates at

K, in the same way, has a journey three times as

long to peiform, and therefore arrives ten seconds

later ; and the soimd which originates at c has four

times as long a journey, and arrives fifteen seconds

later. The whole length of the track b c is con-

sequently three times the measure of the distance

of B from A, or, in other woi'ds, three miles. Forty-

five seconds appear to be pretty nearly the duration

of the longest roll of thunder that has been accu-

rately noted. M. Delisle has left a record of a roll

of that length which he heard in 1712. This would

have given 48,649 feet, or a little more than nine

miles, for the length of the lightning, if the dis-

charge had taken place in a course proceeding

directlj' away from the observer. This length of

nine miles, it will be observed, very nearly coire-

sponds with the actual length of the fiash which

was measured by a trigonometrical process at

Toulouse by M. Petit.

But as a matter of actual fact, a considerable

allowance requires to be made in estimating the

length of a lightning flash from the duration of the

consecutive thunder, because it can rarely happen

that the discharge follows a course which proceeds

directly away from the observer. It is quite

possible, indeed, that a very long discharge may
be heard, as a very short roll, if the path

which it pursues lies pretty much at the same

distance from the observer. Thus, suppose that

in the following sketch (Fig. 2) bc represents

the track of a flash of lightning issuing from

a cloud at b, and striking the earth at 0,

whilst an observer, stationed at A, is listening

for the accompanying thunder. Then the several

points, B, D, c, in the track are all, it will be

observed, nearly at the same distance from A, so

that the sound originating in each would fall

simultaneously upon the listener's ear at A. If

B, D, and c were all one mile from A, and the length

of the flash from B to 0 were two miles, then the

sound originating at B would take five seconds to

reach the ear at A ; but so also would the sound

which originates at D, and that which originates

at c. There would, consequently, in such circum-
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stances be no prolonged roll of thunder. The

three sounds—from B, from D, and from c—would

strike upon the ear together, and would be

heard as if they were one and the same ; and

the impression upon the ear would be that of great

Fig. 2.—Eepresenting the case in which a long Discharge of
Lightning keeps approximately at the same Distance from an
Observer throughout its Course.

loudness, on account of the several distinct sounds

being combined into one. The terrific short crash

which is occasionally heard in thunderstorms is

due to this circumstance of the sounds coming

from a long track arriving almost simultaneously

at the ear.

During the progress of a thunderstorm a change

continually takes place in the electrical tension,

which is maintained for a considerable distance

around with each flash of lightning. If a sensitive

gold-leaf electrometer be attentively watched during

the continuance of the storm, it will be found that

the divergent strips collapse more or less with each

flash of lightning. Changes in the distribution of

the electrical force within the cloud are also

commonly indicated in a similar way by move-

ments of the divergent strips of an electrometer,

even when no external flash of lightning appears.

Sympathetic disturbances of this inductive cha-

racter are, indeed, sometimes registered in a very dis-

agreeable and much more obstrusive way, for they

are quite capable of producing painful shocks in the

bodies of living people, and of perpetrating destruc-

tive mischief of a mechanical kind. The curious

efiect which is known amongst electricians as the

return shock, and which at one time was deemed a

very puzzling phenomenon, is of this nature. Its

occurrence was first alluded to, and intelligently

explained, by Lord Mahon in a book* which was

published just one century ago. In this treatise he

gives an account of an experiment which is still

repeated by scientific men, with never-failing

interest, as the best illustrative explanation which

can be furnished of shocks of this kind.

Two brass cylinders of unequal size, and insulated

by being supported upon pillars of glass, were placed

C A .
B

Fig. 3.—Lord Mahon's Experiment devised to explain the Nature
of the Eetum Shock.

about the tenth of an inch apart, as represented at

A and B in Fig. 3. The prime conductor of an

electrical machine (represented at c) was then

brought within twenty inches of the outer end of A,

and charged with electricity by turning the handle

of the apparatus. As this was done faint sparks

were immediately observed to pass from A to

B, in consequence of the positive electricity of A
being driven out from A into B by the repulsion

inductively exerted from the prime conductor c.

But when b had been thus charged from A, a sjiark

was taken by the experimenter's finger from the

prime conductor, and forthwith faint sparks

returned from B into A. The positive electricity

which had been driven into B returned into A
when the inductive repulsion of c ceased to act

upon A, so constituting the efi"ect which Lord

Mahon distinguished as the " return shock." Lord

Mahon has furnished a quaint picture in his book,

in which he and a companion standing upon glass-

footed stools are represented as taking the place of

the brass cylinders A and B, and as allowing the

faint sparks set up by the indtxction to pass

between the tips of their fingers, held a little dis-

tance apart. It is this return shock which is

occasionally felt at a considerable distance from

the actual track of a discharge of lightning during

a thunderstorm. Thus, if l in Fig. 4 represents

the place where lightning strikes from a thunder-

cloud to the earth, when c, the opposite end of

the cloud, floats a short distance only above the

ground, a person standing upon the ground at a
* "The Principle of Electricity " (1780),
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might experience an electrical shock at the instant

of the discharge of the lightning in consequence of

the return from the earth to the cloud of the

electricity, which had been just before inductively

driven out of that end of the cloud into the earth.

There are cases on record of people having been

killed in this way at a long distance from the place

•where the actual stroke of the lightning takes effect.

The frequent instances of persons being knocked

down by electrical shocks, without being severely

injured, or killed, during the progress of a thunder-

storm some little distance away, may generally be

attributed to subordinate and sympathetic dis-

charges of this character.

It has been said that lightning which presents

itself in broad sheets of illumination, instead of as

Fig, i.—EeiJresenting how a Eeturn Shock may pass into a Cloud
when Lightning is discharged from it into the Earth.

narrow and sharply defined lines of fire, is some-

times merely reflected light thrown back from the

clouds or from surrounding objects. It is the

glare of lightning, x'ather than lightning itself, and

often produces a very striking and beautiful effect,

in consequence of lighting up the edges of the

clouds, and showing the broken shapes of their

darker masses in strong relief. The clouds seem

to open out for one brief moment with the flash.

There is, however, another and quite a distinct

form which sheet-lightning very often assumes. In

this the whole sky is for an instant lit up by the

glare. When this occurs the source of the light

—

the actual discharge—is almost certainly below the

horizon of the place from which the reflected glare

is seen, and hidden from the eye by the intervening

curvature of the opaque body of the earth. In such

cases the light flashes up from the electrical

discharge into the sky, and is thence shot back

towards the eye by the impenetrable vapours that

it encounters in the canopy of clouds. This form

of flash is not uncommonly spoken of as heat-

lightning, or summer-lightning. The discharge in

such instances is too far away for thunder to be heard.

In reference to this kind of lightning, however, it is

necessary to remark that M. Peltier, and some
other good observers, believe that lightning occa-

sionally issues in the air from clouds which are

invisible, or in other words from collections of

vapour which are not dense enough at the time to

assume the form of aqueous vesicles. Thunder, also,

is certainly sometimes heard when no lightning is

seen ; but that is simply because the light of the

discharge is hidden from the eye by quite impene-

trable masses of dark cloud.

Besides the forked-lightning, which is the incan-

descent track of the electrical discharge through

the air—the electric spark of nature's own experi-

mental operations in the clouds—and the sheet-

lightning, which is the reflected glare of that

magnificent discharge, there is yet another form

of lightning occasionally seen, that is of great

interest to scientific men. This is the form

which is familiarly spoken of as globe-lightning,

or ball-lightning, because it looks to the eye

like' a ball of fire. Its most distinctive charac-

teristic, however, is the peculiarity of its pace,

rather than the aspect which it assumes. It

moves at so deliberate a rate that it can be

readily followed along its track by the eye as

it goes. It has in some well-marked instances

been seen in this way for ten seconds at a

time. The ball is usually described as appearing

to be about the size of the full moon, and it has

been observed to rebound from the ground as it

advances along its course. It generally disappears

at last with a loud explosion, like the detonation

which attends upon the firing of a gun. Some
observers, M. de la Rive amongst them, have no

doubt that this explosion is exactly what it seems,

and that it is the result of a mass of hydrogen gas,

which has been generated from the , electrical

decomposition of aqueous vapour and then mingled

with a certain amount of air, being fired by the

agency of an electrical spark. It is conceived

that the explosive mass is, in the first instance,

enclosed in a spherical aqueous film, like that of

the soap-bubble, and that the light of the ball

before its explosion is an electrical radiation, or

glow, issuing from this outer shell. It is also held

that this glow is only competent for the production

of an explosion when it has been intensified and

condensed into a spark by some casual incident of

surrounding induction. M. Dumoncel attempted,

and not altogether without success, to produce a
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similar result upon a miniature scale by causing a

powerful induction spark to jDass through small

pools of water scattered along a varnished surface.

A fiery glow could be then traced, passing along

from pool to pool, and terminating at last in

the form of a small red ball, which exploded

precisely in the manner of ball-lightning. For

the present, therefore, ball-lightning may be taken

to be an atmospheric manifestation of electrical

force of a quite different kind from that with which

science has to deal in the instantaneous leap of

the " live thunder," and concerning which some
further investigation may be said to be urgently

required. The German meteorologist Kaemtz, con-

sequently, still remains quite justified for the

course which he pursued in his excellent Hand-
book of Meteorological Science, when he grouped

ball-lightning with a series of occurrences and

effects which were classed together in its Y>ages as

" Problematical Phenomena."

AN EAETHWOEM.
By John H. Martin,

Author of "Microscopic Oljects," "Manual of Microscopic Mounting," etc.

AN earthworm eating earth does not seem a

very attractive subject either for investigation

or amusement. The information which it yields to

patient study and research is nevertheless endless.

It is patent to every one that worms live upon

earth—not upon leaves, grasses, &c., as was formerly

popularly supposed. Doubtless the origin of this

mistaken idea was the fact that the earthworm in

burrowing into the soil often carries leaves and

parts of leaves with it. Still, if closely observed it

will be noticed that this is not so much from instinct

or intention as from the force of cii'cumstances. If

it be remembered that on the surface of the skin

numerous thorn-like forms (setce) are seated in pairs

at intervals on each ring of the body (Fig. 2, a), it

will be evident that the worm in passing over the

ground (especially if the atmosphere is moist) will

entangle small leaves on these hook-like setse, and as

it enters the damp soil the leaf also is carried down,

until the friction of the surrounding earth of neces-

sity loosens it from their hold. Although from obser-

vation we can prove that the earthworm lives upon
earth, it must not be thought that mere earth is

sufficient for its subsistence. Most persons will

have noticed that in sandy or gravelly soils worms
are rarely found in abundance, and in fact never so,

except in rich alluvial soils, like meadows near a

muddy river and old water-courses, in farm manure-

heaps, and in all rich soils containing a large

amount of more or less nutrient substances. This

fact is soon proved by dissection. Let an
earthworm be killed with chloroform (acetic acid

or methylated spirit will do) ; then let it be cut up-

wards from the under or ventral side, beginning at

the anus, which may be known by having a more

rounded termination than the head. Next place

the worm on a flat piece of cork, pin the sides down
so as to expose the contents of the abdomen and

intestines ; the exact character of its food will then

be clearly seen. Generally speaking, this muddy
food substance consists entirely of moist earth, but

occasionally, if closely observed, portions of organic

nutrient matter will be noticed, especially if the

substance is placed under the "inch power" of

a good microscope. The writer has often tested

the assimilative power of the worm by causing it

to digest food containing any dye colour, such as

carmine or madder. The following are the steps

in this process :—Take about half a pint of common
white sand ; dust in the colour until the sand has

acquired the right tint, then pour in a few tea-

spoonfuls of salad oil, or use a piece of lard about

the size of a walnut. Place the jar on a hot plate,

stir the sand until the grease is equally distributed

through it, and then let the mixture cool. Now
procure a few live worms, place them in the sand,

which must have been previously rendered very

damp with water, and after a few days it will be

noticed that theyhave been living upon this prepared

food, and if its use is continued long enough many of

the organs and internal tissues will become partially

coloured. This experiment is by no means cruel, as

the minute particles of carmine simply deposit them-

selves in the tissues. It is worthy of remark that

worms must cause a large quantity of earth to pass

through them before sufluicient nourishment has

been extracted; in fact, we might judge of the

richness of any sample of soil from the number of

worms found in it, taking for granted that the soil

is damp, as they will not (as we have seen) exist in
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dry situations. The swallowing of the soil is also

of great assistance to the worm as it burrows into

the ground ; and as large quantities of earth are

thereby removed and ejected behind, they are thus

great friends to the farmer and gardener, constantly

turning up the soil, and often making a barren

spot fertile. The old popular belief that worms

bite the roots of plants is utterly untenable, as

they are not possessed of teeth, having only a very

powerful muscular gullet and alimentary canal, by

the use of which they

obtain and digest their

food.

The manner in which

the earthworm swallows

earth is curious. Its

gullet is extremely

muscular (Fig. 1, h), and

contains an internal

muscular tunic, which

acts something like the

piston of an air-pump

when the mouth is

applied to the earth,

thus sucking it in, and

passing it onward by the

muscular action of the

gullet and alimentary

canal. Another point

in their structure will

strike even a casual

observer, namely, that

about the twenty-ninth

segment or ring of the

body there is an en-

largement (which gene-

rally extends to about

seven segments below),

having the appearance of

an accidental injury to

the worm ; it is really not an injury, but an impor-

tant part of its structure. Its tissues are glandular,

their chief use being to assist the other tissues at

the time of the reproduction of the species. This

part of the body, called the " cingulum " or " cli-

tellum," is entirely free from the setse, and the

segments are less prominent in their muscular

character, which tends to give the appearance as

before mentioned of a diseased or injured worm.

In a well-grown worm there are about 350 segments

or rings, although the general average is much less,

namely, about 150. To observe the various systems

of structure, it is necessary to take another worm :

Fig. 1.— Illustrating Anatomy
of Earthworm. General View
after Dissection.

a. Mouth ; 6, Pharynx ; c, CEsopha-
gu8 ; rf. Dorsal Vessel : e. Stomach
/, Gizzard; g. Intestines: h, CEso-
phaeeal Glands ; fc. Expansions of
Dorsal Blood-vessel, or Hearts.—
After Lankebter.

in this case the larger the better. Kill with

chloroform, place it upon the loaded cork, and

insert a pin through the first segment. Then with

a sharp scalpel make an incision either along the

belly or the back, from the mouth to the thirtieth

segment ; turn back the sides as far as possible, and

fix them with pins
;
place in a shallow dissecting

trough (a small white saucer would do), and cover

with alcohol. Next with a fine camel's-hair pencil

brush away any undigested earth or other matter

from the organs left exposed. Gradually, as the

alcohol hardens the tissues (a few drops of bichro-

mate of potash may be added) they become more

apparent to view (Fig. 1). On observing the

opened worm, the skin, muscular, digestive, and cir-

culatory systems are apparent, but the nervous,

reproductive, and other systems are more obscure,

and require the aid of a good microscope to work

out their structure. The muscles of the gullet will

be known by their strongly developed character

(Fig. 1, 6). The tegumentary (i.e., skin tissue) is so

closely linked to the muscular system that in de-

scribing one we really, or at least partially, describe

both. Each acts with and by the other, although

the muscular is the more important.

On nearly every segment of the body there are

four bristle-bearing glands (Fig. 2, a) ; in each gland

Fig. 2.—Tegnmentary System.

a, Set» in position (slightly magnified) ; !), Pair of Seta; Jmngnlfled)

;

f. Transverse Section of Skin (greatly nirignifled): d. Epidermis; «,

Pigmentary Vascular Layer ; /, Muscular Tissue-- g. Epithelial Layer of
Cells.

is inserted a pair of setse, or bristles. From these

glands there appears to be a gradual, secretion,

enlarging or reproducing these bristle-like bodies
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(setae), so as to re-supply or rebuild, according to the

amount of injury sustained in theii- daily use. Some

of the setae will be found much larger than others,

proving that there are old as well as recent forma-

tions. To thoroughly study the skin, a transverse

section must be made. To do this well, the student

ought first to stain the tissue with hsematoxylin

or picro-carmine, and then imbed it in gelatine or

glue in the following manner. Soak the glue or

gelatine in water until it is "jelly-like," then dis-

solve in glycerine and gum-water, equal parts, with

the aid of heat. The piece of skin to be cut must

be well soaked in water previous to its being

imbedded in the mixture ; when well imbedded

place the mass between two greased slips of glass,

and allow the glue to dry. Then when it is suffi-

ciently dry, very thin sections may be easily cut with

a sharp scalpel, the section having the appearance

of that figured (Fig. 2c) ; the upper portion (d) show-

ing the structure of the epidermis, the second layer

(e) consisting of a kind of pigment tissue, and the

third (/) the muscular tissue, which is generally the

thickest, consisting of a multitude of minute fibres

crossing in all directions, those nearest the surface

of the skin running parallel with the body, and

those that are more deeply seated transversely.

The muscular tunic, which runs the entii-e length

of the worm, is at intervals constricted into rings,

or " annulated." If a worm is held tightly between

the fingers, the movement of these muscular rings

will be self-evident, requiring a most severe pressvire

to prevent the progress or

" wriggling " of the animal.

The muscular tissue (Fig.

3) of an earthworm is

unlike that of the higher

animals. It consists only

of a simple contractile

tissue, connected with

stronger muscular fibres at

points where the necessary

power is required. It

might indeed be compared

to a thin sheet of india-

rubber, not having the

striated structure of the voluntary muscles of the

back-boned animals. In the first few rings of

the body strong radiating muscular fibres diverge

from the transverse muscles (Fig. 1, b), thus imme-

diately connecting the gullet with the " tegumen-

tary " or skin tissue. Part of the muscular coat

which terminates this tissue forms the lining of the

pharynx, and acts as a kind of disc or sucker. By
150

Fig. 3. — Muscular System
and Muscular Fibres of
Earthworm.

the force of its own contractile energy this coat

draws the food into the cavity, and continues its

action under the control of the worm. Another

important use of the muscular tissue is to keep

the setse in their natural position, so that these

hooks, or thorn-like bodies, may yield to pressure

from the substance f/hrough which the worm is

forcing its way, but at the same time offer great

resistance to any other substance meeting them

from an opposite direction.

The next prominent feature to which attention

must be directed is the digestive system. The

mouth of the earthworm is a conical-shaped struc-

ture, comprising the first segment of the body

;

it consists of fleshy or muscular tissue— in fact, it

is a kind of lip : the movement seems to be the same

as other parts of the muscular tunic. The pharynx,

as already mentioned, is an exceedingly muscular

organ, situated immediately below the mouth

(Fig. 1, b), and extending from the second to the

seventh segment : the back and sides are its most

muscular parts.

As we trace the course of the alimentary canal

(Fig. 1) we next come to the CEsophagus, com-

mencing at the eighth segment and continuing to

the fifteenth or sixteenth. Tlie cesophagus consists

of a narrow but highly muscular tube, having an

inner mucous lining or membrane. It appears to

assist in two functions, viz., the digestive and the

circulatory. If the worm, opened in the manner

already described, or the woodcut (Fig. 1) is

examined, it will be noticed that the dorsal blood-

vessel, which runs parallel to the course of the

alimentary canal, is here

more highly developed

(Fig. 1, A; and Fig. 5,/).

It is supposed that the

alternate muscular move-

ment of the cesophagus, as

the food passes down the

alimentary canal, acts vipon

this dorsal vessel, and tends

greatly to assist in the

circulation of the blood.

At the termination of the

cesophagus at the fifteenth

or sixteenth segment, the digestive apparatus ex-

pands into a kind of stomach; this is heart-

shaped, and may be easily distinguished by its

strong muscular appearance (Fig. 1, e), which is

also horny to the touch, especially after treatment

with alcohol. This stomach, or " crop," occupies but

little space, rarely taking up more than one or two

Crop.'
taken

a. Human Hair :fc,Wool ;<•,Woody
Fibre; d, a Spiral Vessel ; ee.

Particles of Sand.
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d,. -n'

segments of tlie body, and is found, as a rule, be-

tween the sixteenth and seventeenth segments. "We

now come to the so-called "gizzard," which is really a

hard tube or ring immediately below the stomach

;

tliis occurs between the eighteenth and nineteenth

segments. The organ (if it is one) has not been

thoroughly investigated. Immediately below this

are the intestines (Eig. 1, g). which pass through the

rest of the body to the anus (or vent) with but

little alteration in their structure. Although the

length of the intestines is great in nearly all

vertebrate animals, they are much exceeded

—

^ proportionately— by

those of the worm.

This illustrates an

interesting point in

the economy of na-

ture. If the worm
had less length of in-

testine its movements

through the earth

could nothavebeen so

rapid; as it exists, the

food is forced up or

down according to

the obstacles met

with, without any

of the inconvenience

to the animal, which

would be the case if

the length were less.

In the twelfth and

thirteenth segments

(Fig. 1, h) are seated

three pairs of glands,

which have been

found to secrete a

milky fluid, which

jirobably aids in as-

sisting digestion :

rig. 5.-Circulatory System : a, Dor- ^^^eir functions may
sal Vessel : b, SuTj-intestinal Vessel

; y.a /./^nairlovorl q +
c. Ventral Vessel : d, Deep Commis- "® COnsmeieu, AT,

sural Vessels Corpuscles, &c of present, rather ob-
Per)gastric Fluid : e, Alimentary '

Canal (slightly enlarged); /, Latere- gCUre. It may be
dorsal Vessels, or Hearts (magni-
fied); g, Colourless Corpuscles of the added that the mus-
Perivisceral Fluid; h. Amoeboid , x ^ xi •

Corpuscles (greatly magnified). CUiar COat 01 the in-

testines, though de-

licate in structure, seems to have great power in

propelling the food onward.

In the order Annelidse, to which the earthworm

belongs, the circulatoiy system has been found to

consist of two separate fluids, answering to the

arterial and venous blood of higher animals. Both

of these might justly be called blood, although in

colour one only can be considered as entitled to that

claim. The colourless fluid, which has a more or

less milky appearance, contains corpuscles and cells

in process of development (Fig. 5, g). The coloured

fluid, which does not contain corpuscles, runs in a

system of vessels (Fig. 5, a, b, c, d) ; the coloui-less

(or nutritive) circulates in a large cavity between

the alimentary canal and the muscular integu-

ment of the skin ; it has therefore space wherewith

to bathe the various organs of the body with its

nourishing corpuscles (Fig. 5, g). This space is called

the perivisceral cavity.

On examining this fluid, it will be as well to

allow a drop to partially evaporate under a thin

glass circle laid upon a glass slide three inches by

one. Drop one drop of crimson aniline dye close

to the edge of the circle, when it will flow in

from capillary action ; after an interval of ten

minutes place the object between a wire clip, and

lay the slide in water.

After a short time the waste dye will pass ofi" into

the water, leaving the corpuscles, some of which will

be found dyed
;
place one drop of glyceiine at the

edge of the cover, and as the water evaporates it

will supply its place : this takes about twelve hours.

Seal the slide with india-rubber cement, giving

two or three coatings, washing the surface before

placing a fresh layer of cement, otherwise the

glycerine will exude from the preparation.

It has been proved that this colourless blood has

communication with the exterior part of the body

in two ways : first, through a series of pores

—

one of which occurs in every segment, with the

exception of the first seven or eight ; the other

with the so-called segmental organs. These organs

communicate with the external part of the body

by means of a long tortuous tube, or canal, ter-

minating at the other end in an open expansion

of the tube, through which this white or peri-

eastric fluid flows to the surface of the skin. That

these pores have the power of absox-bing fluids

from the surrounding external matter is easily

proved by touching the extremity (anus) of the

worm with a few drops of any staining fluid, such

as an aniline dye in water. The staining is thus

made apparent. As the small absorbent vessels

can easily be seen under the microscope, the

corpuscles of this fluid, the size of which ranges

from YoVo *o -swo i"^^' ^^^^ interest-

ing, partaking as they do of many varied

forms; and if observed quickly after killing the

worm, the amoeboid movements of a few of the
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corpuscles is a sight worth seeing to any student of

science.

A remarkable and interesting form of life is

found in all parts of the alimentary canal, though

its minute bodies must not be confused with the

blood corpuscles of the pex'igastric fluid (Fig. 5, g).

This is a parasite known as Gregarina. Though its

life history has not been fully traced, we know that

all the species exist as parasites, especially in the in-

testinal canal. They occur as round colourless sacs,

containing minute oval bodies, which bear a re-

markable resemblance to a species of diatom, called

Navicula (Fig. 6, b, c). Having thus partially ex-

plained the action and character of the colourless,

or perigastric, fluid, it is necessary to give a slight

sketch of the coloiired, or as it is called, the

vascular or non-corpuscidated fluid. It circvilates

in a series of vessels having three principal trunks

(see Fig. 5) : first, a dorsal vessel, running from

the eighth segment to the length of the back

of the animal ; another called the sub-intestinal,

running from the fourth or fifth segment ; and a

third, called the sub-neural, or ventral, which

lies beneath the ganglionic or nerve cord (Fig. 6, a).

The vessels on the back and under the intestine

are connected by the so-called deep commissural

(spinal) or central vessels in each segment of the

body, with the exception of the first few front

segments. Those in connection with the stomach

and gizzard (Fig. 1)—i.e., in the sixteenth to nine-

teenth segments—distribute capillary vessels to the

fibrous structure of the stomach and gizzard.

Where these connecting vessels encircle the intes-

tines they are closely attached to the wall of the

intestine, and generally imbedded in the yellow

granular-like substance covering its surface, which,

according to some authorities, has a biliary func-

tion. In the earthworm the superficial skin circu-

lation of the blood, such as occurs in higher animals,

is wanting. The commissural vessels give off various

branches to the intestines, and both the supra-

intestinal (dorsal) and the sub-neural vessels give

off large branches to the muscular and other tissues

of each segment. In the first seven segments of

the body the larger vessels are wanting, their place

being taken by a network of minor vessels. Behind

the reproductive organs, if carefully thrown back,

the commissural vessels will be found to be greatly

dilated, forming about six to ten pairs of the so-

called hearts (Figs. \,k; 5,/). Formerly the large

muscular sac or stomach, which will be noticed by

any observer, was thought to be the heart.

The nervous system of the worm consists of

a two-lobed ganglion, or two ganglia closely united

(Fig. 6). In either case these are situated in the

thii-d segment of the body ; from them spring a

supra-intestinal and sub-intestinal ciiain of ganglia,

with their branches (Fig. 6, «). In the case of the

sub-intestinal chain of ganglia the cord is double,

but at the posterior end

of the body they become

closely attached, the gan-

glionic enlargements vary-

ing in shape and size at

various parts of the body.

Each gives off from • the

sides two pairs of nerves,

which again sub-divide

into filaments spreading

through the muscular and

other tissues. From the

united ganglia, which are

seated in the third segment,

nerve-fibres are distributed

to the lower part of the

first segment, which thus

tends to give the mouth

its extreme degree of sen-

sitiveness ; in fact, so re-

markable is this part of

the body, that some of our

best authorities on the sub-

ject suggest that possibly

other senses than that of

touch exist in it, though in

a rudimentary form.

Other minute glands, &c., occur in the anatomy

of the earthworm, but in this brief outline any

notice of their structure, and of those oi-gans essen-

tial to the perpetuation of the sjiecies (Fig. 1, i), is

scarcely necessary.

These can be seen by killing a worm or worms,

as occasion requii'es, with chloroform. It ought,

however, to be remembered that a fresh dissection

is always best ; after the lapse of one day, even if

kept in alcohol, the various structures lose their

character to a certain extent, making it more difii-

cult for the student to recognise each separate organ

and tissue.

In the investigation of these various structures it is

necessary to make use of artificial means wherewith

to more easily ascertain the exact chai-acter of the

tissue \inder examination. To do this we make
use of dyes or staining fluids, taking advantage of

the fact that there are two definite kinds of

" matter," i.e., " germinal matter " and " formed

Pig. 6.—a. Nervous System
of Earthworm ;

h, Gre-
garina

; c, Navicula - like

Bodies, free (magnified).
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matter." The "germinal" or forming matter will

soon take the stain, but the " formed " matter resists

being coloured
;
and, according to its various stages

of transition into " formed matter," the cells will be

dyed different tints, the most recent deeply, and

the older but slightly.

Various dyes act differently upon animal matter.

One of the best—at least, to begin with—is the

carmine staining fluid.*

By agitation and the aid of heat the carmine will

dissolve in the ammonia. Boil this solution for a few

minutes in a beaker and allow it to cool. After one

hour add the alcohol, glycerine^ and water, then stir,

allow it to settle
;
finally, pour off the clear fluid, and

bottle for use. If this is found to be too much trouble,

use an aniline dye in water. There are many other

staining fluids, but these will be sufficient for our

purpose. Nearly all animal tissues take the dye more

or less if previously plunged into a weak solution of

either soda, potash, or ammonia, allowing them to

remain for about thirty minutes. Transfer the tissue

to the dye, let it remain from five to fifteen minutes

;

well wash in water to which a few drops of acetic

acid have been added^ drain the washing fluid ofl",

and transfer a few minutes to spirits of wine, and

subsequently to glycerine. After one hour mount the

preparation in glycerine jelly ; this will be found

much better than pure glycerine, as it is not so difii-

cult to seal with the india-rubber cement. If well

mounted, the preparations will last for years.

The only instruments necessaiy for the examina-

tion of a w orm ai-e a pair of long-bladed scissors, a

fine scalpel, two needles, mounted in cedar handles

—one bent at right angles, the other straight—pins,

and a piece of cor-k loaded with sheet lead, which

should cover the bottom, and turn up over the edge

of the upper surface. It is well to make the

dissections with a lens of long focus. One of the

small hand-glasses used for examining photographs

or a watchmaker's " eye-glass " will do.

WHAT IS Ai^ ELEMENT?
By G. W. von Tunzelmann, B.Sc.

IN ancient times there was no very definite

meaning attached to the word element. Some
thinkers—among whom was the Greek philosopher

Sanchoniatho—affirmed that air and water were

the primary elements of which all other kinds of

matter were built up. By others fire was called

an element, and was believed to enter in some
manner into the constitution of many substances,

some of them asserting that earth of various kinds

was composed of different combinations of fire

and water.

There were others again who considered earth to

be an element, and even down to our own times these

four—fire, air, earth, and water—have been popu-

larly known as the " four elements," without, how-
-ever, any definite idea being attached to the word.

. In the early times in which such speculations

were rife, men who wished to form theories about

the universe did not trouble themselves with actual

investigations into natural phenomena. They con-

sidered their own minds to be infinitely superior to

nature, and accordingly, when they wished to pro-

* Martin : "Manual of Microscopic Mounting," p. 198.

Carmine, ten grains; liquor ammoniae fort., half drachm;
glycerine, two ounces ; distilled water, two ounces ;

alcohol,

half ounce.

pound a theory of the world, they first evolved it

out of their own inner consciousness, and if they

afterwards deigned to compare their results with

the actual phenomena of Nature, it was only to

endeavour to make Nature fit in with the conclu-

sions at which they had already arrived. We can

trace the results of this method of reasoning in all

the speculations of the early alchemists.

The alchemists noticed that most of the metals

with which they were acquainted were easily

altered by heat or by the action of other substances,

and these they called imperfect metals
;
gold and

silver, which remained unchanged after exposure

to fire, and resisted the action of nearly all the

substances which acted upon the others, they called

perfect metals. The alchemist Salmon tells us

that it was not the intention of Nature to make

such metals as iron, copper, tin, or even silver,

although this metal is of the first degree of per-

fection, but that its object was to produce gold,

since Nature in its wisdom seeks in all its works

the highest attainable perfection. Hence he tells

us that we must consider the imperfect metals as

abortions, due to the action of external caiises

which have prevented Nature from following its

own course.
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Again, it was observed tliat most of the metals

were found in different states in the earth, and

these were supposed to represent different de-

grees of perfection. The fact that the same metal

could be obtained from these different ores, as we

should now call them, was considered to prove

the possibility of transmuting the so-called im-

perfect metals into silver or gold.

Until the twelfth century, most of the Greek and

Arabian philosophers who occupied themselves

with these questions were content with reasoning

about the possibility of such transmutations, with-

out seeking for any special substance by means of

which they could remove the impurities of the

imperfect metals, and so transmute them into

silver or gold. About this time, however, the

philosophers began to search for such a substance,

which they called the philosopher's stone.

Here, again, we always come across theii' great

central idea of something that was to remove all

imperfections, for, according to the alchemists the

philosopher's stone, when found, would not only

transmute any metal into silver or gold, but it

would heal all diseases, and indefinitely prolong

human life.

The alchemists Salmon and Nicholas Flamel

both tell us that the possession of this wonderful

substance will change the most wicked man into

one who is kind and charitable, and whose chief

pleasure is in the contemplation of the wonderful

works of the Deity. Many later alchemists try to

draw analogies between the mysteries of alchemy

xind those of Christianity, and almost all of them

considered themselves to be under the special pro-

tection and guidance of the Almighty, though

popular prejudice usually associated the alchemists

with the powers of evil.

Although alchemy was mixed up with much
superstition, and was seeking an unattainable

object, yet we must never forget that the alchemists

were the first to institute experimental research,

and in the course of the immense number of

experiments made by them in the fruitless search

after the philosopher's stone, they investigated

the properties of various metals, and discovered a
large number of chemical compounds ; and thus

they prepared the way for the modern science of

chemistry.

The science of chemistry is considered to date

from Lavoisier's discovery of the nature of com-
bustion. He showed that when a substance is

burnt in air, it enters into combination with a con-

stituent of the air, which we now call oxygen, and

in this way he demonstrated the compound nature

of air.

It is to the researches of Lavoisier upon the

metals and their oxides, or compounds with oxygen,

that we owe the idea of an element as a substance

which cannot be decomposed by any means at our

command into simpler constituents. This is what

we now understand by an element, and Lavoisier,

by demonstrating the elementary character of the

metals, put an end to the hopes of the alchemists,

which could only endure so long as the metals

were regarded as compound bodies.

Since the foundation of the science by Lavoisier,

chemistry has advanced with rapid strides, and we
are now able to state, as the result of numberless

chemical investigations, that all kinds of matter

known to us on the surface of the earth are com-

posed of a comparatively small number of elements,

or substances which hitherto we have been unable

to decompose.

As the means of chemical research become more
extensive, some of the bodies which had before

been regarded as elementary are found to be com-

pounds ; thus potash and soda were regarded as

elements until 1807, when Sir Humphry Davy
showed that they were oxides of two metals, which

he named potassium and sodium.

On the other hand, new elements are discovered

from time to time, and several metals, occurring

only in very small quantities, have been discovered

by aid of the spectroscope. The following is a list

of the substances at present included under the

term " Chemical Elements "
:

—

Non-metals or metal-

loids—arsenic, boron, bromine, carbon, chlorine,

fluorine, iodine, nitrogen, oxygen, phosphorus,

selenium, silicon, sulphur, tellurium ; metals—
aluminium, antimony, barium, beryllium, bismuth,

cadmium, caesium, calcium, cerium, chromium,

cobalt, C02:)per, didymium, erbium, gallium, gluci-

num, gold, hydrogen,* indium, iridium, iron, lan-

thanium, lead, lithium, magnesium, manganese,

mercury, molybdenum, nickel, niobium, osmium,

palladium, platinum, potassium, rhodium, rubi-

dium, ruthenium, silver, sodium, strontium, tanta-

lum, thallium, thorinum, tin, titanium, tungsten,

uranium, vanadiiim, yttrium, zinc, zirconium. In

addition to these the discovery of several new
metals has been announced in the course of the last

two or three years, but these discoveries have not

yet been sufficiently confirmed to justify their in-

sertion in the foregoing list.

* Until lately hydrogen was classed among the metalloids,

but it is now considered to be a true metal.
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The most recent discovery of the compound

nature of bodies hitherto regarded as elementary,

and one of the very greatest impoi-tance in its

theoretical bearings, is due to Professor Meyer,

of Zurich.

During 1879, and for some years preceding,

Professor Meyer had been making experiments

with a view to determine the densities of A'arious

substances when in a state of vapour, and

he succeeded in introducing numerous improve-

ments in the methods employed, more especially,

in relation to our present subject, he devised a

method of determining with very considerable ac-

curacy the vapour densities of substances at high

temperatures.

Professor Meyer proceeded to investigate by this

new method the vapour densities of a large number

of compounds and elements, but did not obtain any

results that bear on the question we are now con-

sidering until he came to chlorine, a gaseous body

which has hitherto been regarded as an element.

The chlorine was obtained by inti-oducing into a

heated tube forming part of the apparatus for

determining the density, a small portion of platinous

chloride, a compound of chlorine and platinum,

which splits up into its two components when
moderately heated.

It was found that when the temperature was

about 800° C, or higher, the density was lower than

could be accounted for on the ordinary hypothesis

regarding chlorine.

Similar results have been obtained by Professor

Meyer with iodine and bromine, two substances

closely related to chlorine in their chemical propex'-

ties, and which, together with chlorine, have up to

the present time been regarded as elements.

These experiments led Professor Meyer to the

conclusion that chlorine, bromine, and iodine were

really compounds, and this conclusion is now
generally accepted. Professor Meyer believes that

oxygen is one of the components of chlorine, but

this has not yet been confirmed.

If, instead of forming the chlorine at the tem-

perature of experiment by the decomposition of pla-

tinous chloride, free chlorine previously prepared be

employed, it is found that the dissociation does not

take place, giving the curious result that previously

prepared free chlorine remains unchanged at high

temperatures, while nascent chlorine

—

i.e., chlorine

at the moment of its liberation from a compound

(viz., platinous chloride)—is dissociated.

Having, then, clearly before us what we under-

stand by an element, the important and interesting

question presents itself to us—viz. : Are the ele-

ments merely compounds in varying proportions of

a few simple substances, or of one primary form of

matter 1 or, on the other hand, are the greater

number of them really fundamentally different

forms of matter 1

A priori, we should be disposed to believe that

all the elements must be modifications of some one

primary form of matter, for it falls in well "?dth

that faith in the simplicity and the unity of nature,

which has led to so many grand scientific dis-

coveries, and it is an hypothesis which also falls in so

conveniently with the nebular theory of the origin

of the universe. But let us remember the errors

of the alchemists and early phUosophei's who
reasoned from their ideas of the fitness of things,

instead of questioning nature with unprejudiced

minds. Faith in the unity of nature is of the

greatest value in directing and stimulating our

inquiiies, but it must never be allowed to take the

place of experimental research, which is simply the

dii'ect questioning of nature.

In order to put this question to nature re-

garding the elements, we have to seek the aid of

the spectroscope, in order to inquire whether those

elements which we have not been able to decompose

by the highest temperatures attainable in our

laboratories may not be broken up by the far

higher temperatures of the celestial laboratories.

It is, then, to the sun and the other self-luminous

stars that we must look for an answer to this

question.

In 1873 Mr. Joseph N. Lockyer pointed out

that the results of some of his spectroscopic re-

searches upon the sun and other stars appeared to

indicate that the elements—or, at any rate, some of

them—are really compound bodies.

These results show that the hotter a star is, the

simpler is its spectrum ; in other words, the fewer

are the elements which it contains, and in some

very brilliant stars he was able to detect the pre-

sence only of hydrogen and the metal magnesium.

In colder stars, such as our sun, are found a

considerable number of metals, but no metalloids

or compounds, and in still colder stars metalloids

and metallic compounds are found, but no metals

in the free state.

Mr. Lockyer believed that the probable explana-

tion of these results was that the metalloids and

some of the metals were decomposed at such high

temperatures as that of the sun and some of the

hotter stars, and that the spectrum became simpler

the hotter the star, because the higher the tempera-



PHOSPHORESCENCE. 47

tiire the fewer were the elements which coukl re-

main undecomposed. Professor Meyer's discovery of

the possibility of dissociating chlorine, bromine,

and iodine offered a strong confirmation to this

view, as far as the metalloids were concerned.

Since first communicating (in December, 1878)

the result of his four years' work upon the solar

spectrum, Mr. Lockyer has continued his researches,

and more especially he has compared with great

care the spectra of different parts of the sun which

are at different temperatures. This comparison

shows that the spectra of the hotter parts are much

simpler than those of the cooler, and these results,

as well as his other researches in this direction,

tend to strengthen the conclusion that the so-called

chemical elements can be broken up where a suffi-

ciently high temperature is attained, and that

many, at least, of the substances at present thought

to be elements will be found, as our knowledge of

their constitution advances, to be compound bodies.

PHOSPHOEESCENCE.
By William Ackuoyd, F.I.C., etc.

IN the ineffectual attempt to strike a match in

the dark, probably everybody has seen the

faintly luminous track that has been left wherever

the match has been rubbed ; it may likewise have

fallen within the experience of many of our readers

to see fish that have caused the housewife no small

amount of surprise by their shining appearance in

the dark pantry, and perhaps both phenomena will

remind the seafaring man of a similar light he has

seen in the wake of his ship as she has sped through

the waters in the darkness of night. The appear-

ance in each case is a pleasing and a striking one,

and our interest in it has been increased by the

song of the poet and the comment of the philo.

sophei'. To the latter, indeed, it has been somewhat

of a puzzle, as presenting a kind of light differing

from that furnished by sun, moon, and stars, or

the artificial light-sources that have been devised in

these latter days, and he has accordingly attempted

to ascertain something more about it than could be

learnt by casual observation. A sketch of what he

has made out will probably be of interest to the

reader.

A moment's consideration of the first experiment

will teach us the meaning of the word phosphor-

escence. A match, as we already know,* is tipped

with phosphorus, an element whose name signifies

that it bears or emits light. It is a small trace

of this substance, left where the match has been

rubbed, that glows in the dark. Hence any

body which shines faintly when taken into a

dark room is said to behave like phosphorus, in

one word, to phosphoresce, and all such phenomena

come under the one general heading of phosphor-

escence. The housewife saw the phosphorescence

* "Striking a Light," "Science for AU," Vol. I., p. 142.

of a fish, and the sailor witnessed the phosphor-

escence of the sea.

Phosphorescence is to be observed in all the

three kingdoms of nature, being exhibited by

animals (living and dying), by vegetables, and by

minerals. And first as to animal phosphorescence.

In 1810, it was shown by M. Suriray that the

phosphorescence of the sea in the English Channel

is owing to the presence of an organism called

Noctiluca miliaris (Fig. 1), a minute rhizopod

which requires a

high mag-nifying

power to get a

good view of it.

This is an examjile

of a living phos-

phorescent animal.

It is not, however,

the only one wliich

is found in the

sea, for Sir Joseph

Banks found a 2:ihosphoric crab in the waters of

the South Atlantic, and many soft-bodied animals

(molluscs) have been met with which are self-

luminous. Of other living organisms which ex- •

hibit phosphorescence it has been pointed out by

Dr. Phipson, that, " With the exception of a few

more or less doiibtful cases, the faculty of produc-

ing light seems in the animal world to cease with

the class of insects. But, on the other hand, from

insects downwards there is scarcely a section of the

animal world but which furnishes us with some

self-luminous beings." In answer to the question,

What is the cause of the light emitted by these

animals'? nothing has yet been offered but sup-

positions. In the case of Noctiluca, Ehrenberg

Pig. 1.—Noctiluca miliaris.
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thought it might have a number of light-emitting

organs, for upon submitting the animal to a magni-

fying power of a hundred and forty diameters he

found the uniform luminosity to disappear and

become concentrated in a number of brilliant

points, just as the astronomer finds that the faint

luminous area stretching across the heavens, and

known as the milky way, is resolved by very

powerful telescopes into a number of brilliant

points known as nebulae. "What may be taking

place in one of the phosphorescent points of a

Noctiluca is one of the many hidden mysteries that

science has yet to reveal.

Among living insects there are some that are

remarkable for their power of emitting light, as, e.g.,

the glow-worms and the lantern-flies. The glow-

worm (Fig. 2) belongs to the genus Lamfyris, of

Fig. 2.—Male and Female Glow-worms. Male winged, female
wingless.

which there are many species that are luminous.

Schultze has made an examination of Lampyris

sjilendidula, and finds the male to possess two

light-producing organs. They are thin whitish

plates which lie on the under side, nearly at the

end of the body. These plates are composed of

two layers, a front one, yellowish, transparent, and
very luminous ; and a back one, white and opaque,

from the presence of a great multitude of doubly

reflecting granules, which Kolliker supposes to

consist of urate of ammonia. Branches of the

insect's breathing tubes (tracheae) ramify among
the cells of the front layer, and end in star-like

corpuscles.

As to the cause of the light there have been

many difierent opinions. Matteuci made a series

of experiments upon Lampyris Italica with the

idea of proving the light to be due to combustion.

Since, howevei*, combustion is attended with the

development of heat, and this experimenter de-

tected no sensible heat to be prodiiced in his

experiments, it has been held that Matteuci's

hypothesis is untenable. A stronger objection,

however, was furnished by the fact that when
Matteuci placed the phosphorescent substance of

the insect in hydrogen or carbonic acid, gases

which do not support combustion, the light still

continued to be emitted for thirty or forty minutes.

It must, however, be said in faii'ness, that even in

this experiment an advocate in favour of the hypo-

thesis might maintain that the continuance of light

is due to some extent, if not wholly, to the residual

oxygen still remaining in the air-tubes of the insect

after removal from the air to the hydrogen or

carbonic acid. But whatever it may be due to, it

doubtless subserves many useful purposes. The

light of the little organic lamp illuminates

the insect's path, and probably discloses to its

minute and sensitive eyes that of which it is

in quest, although at times it may be a source

of danger, as when it serves as a mark for

some voracious bird, which, like Cowper's

nightingale, is in want of a supper.

Numerous species of insects belonging to

the genus Elater are phosphorescent, and they

are generally known as fire-flies (Fig. 3), and

are referred to by Southey in " Madoc," and

by Longfellow, who in the " Song of Hia-

watha " gives ns the red man's idea of their

character.

As we have said, the difierent kinds of fire-

fiies are very numerous. Kirby and Spence

state that from Chili to the south of the

United States, thei'e are seventy distinct species.

The Elater noctilucus of Latreille has perhaps been

most studied. It is of a dark brown colour,

attains to a length of about one inch and a half,

and has two yellow spots on its back, which shine

very brightly at night. Hidden under the wing-

cases there exist two other luminous spots, so that

when the insect is flying it shows four lights of

great brilliancy as such lights go. The light it

emits is more vivid than that given out by the

glow-worms, and it is said that the light emitted

by the two spots on its back is sufficient alone to

read small print by.

Phosphorescence is often an accompaniment of

the cessation of animal and vegetable life. The

bodies of most marine animals shine after death,

and phosphorescence has been observed in the dead

flesh of man, lamb, and calf. De^d iish, more

especially the herring and mackerel, are noted for
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their shining appearance when they have been ex-

posed to the air for some time ; b\it beyond having

noticed what favours and what disfavours the

phenomenon, we are very little better off in our

knowledge of the subject than the ancients were.

It appears to have been made out that the phe-

^lomenon is not due to the presence of animalcuhie,

refers to the light emitted by " the trunk of the

oak when it has become rotten with old age." The

luminosity displayed here has been attributed to a

cobweblike fungus ; and respecting its physical

cause it has been found that moisture increases it,

and that an atmosphere of pure nitrogen is as

favourable to its manifestation as one of pwre

and from other observations it is believed that the

phosphorescence is the result of some state which

precedes putrefaction. From this it would seem to

follow that the phosphorescence in these cases may
be a physical one, allied to that presented by

minerals such as we will presently describe.

The luminous appearance of decayed wood in the

dark, which will probably be a sight the reader is

quite familiar with, has been known from the

earliest times, and is mentioned by Pliny, who
151

oxygen. Decaying potatoes likewise emit a faint

light in the dark.

But perhaps the most remai'kable example of un-

doubted vegetable phosphorescence is that furnished

by a red mushroom, the Agaricus olearius (Fig. 4).

During the night it emits a bluish light which is

complementary to its colour; in other words it is an

organic instance unique in its way, of the reciprocity

of radiation and absorption, * for during the day the

* " Getting AVarm," "Science for All," Vol. III., p. 268.
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fungus absorbs certain rays of the sun, and gives out

during the night somewhat similar though much
less intense rays. The behaviour of the fungus has

been studied by MM. Delille and Fabre, and from

their sej^arate observations it would appear that

the young mushroom is phosphorescent for many
successive nights, even when uprooted from the

olive-tree at the foot of which it grows; that

dampness or dryness of the air does not appear to

influence its light, and that no elevation of tem-

perature can be observed in the parts which shine.

It would seem, therefore, not improbable that we

have here a case of phosphorescence similar to that

of sulphide of calcium, and many other substances

which require firet to be exjiosed to the rays of the

sun before they will shine on their own account in

the dark. *

The cases of mineral phosphorescence are of

surpassing interest, because of the readiness with

which in most instances the phenomena may be pro-

duced, the softness and beauty of the light emitted,

and the possibility there now seems of some of these

phosphorescent substances being utilised for making

luminous paints. In November, 1877, a patent was

applied for by Professor Balmain, under the

title " Improvements in painting, varnishing, and

whitewashing," and the patent covers the mixing

of phosphorescent substances with any vehicle that

will form what is commonly called a paint, wash

or varnish. Small cards coated with Balmain's

luminous paint are offered for sale, labelled " a trap

Fig. 4.—A Pkosphorescent Mushroom {Agaricus olearius).

to catch a sunbeam," and with such a trap the

reader may try some very interesting experi-

ments. It will be found that if the card be exposed

to the direct rays of the sun, it shines with a

* A more complete account of the luminosity of plants will

be found in Brown's "Manual of Botany," pp. 593-7.

somewhat violet light when it is removed at once

into a dark room. This placing of a phosphorescent

substance in sunshine is termed insolation, from

the Latin, in, into ; and sol, the sun.

There are a great many substances which are phos-

phorescent after insolation besides the sulphide of

calcium, or Canton's phosphorus, as it is commonly
called, which forms the basis of Balmain's paint.

"When the card is no longer luminous in the dark,

take it into the sunshine again for a few minutes,

and have resting on the paint some object—as, e.g.,

a penny-piece. Upon taking the card into the dark

cellar once more, it will be found that there is this

time a dark, immutable, and immovable shadow
surrounded by a luminous surface. The paint may
likewise be excited by holding it close to a gas-

light, but it will be found that after a few experi-

ments the paint has lost its phosphorescent property,

owing to the absorption of the heat rays. This

antagonism of the heat radiations to the manifes-

tation of phosphorescence after insolation was known
more than a century ago, Wilson having in 1775

pointed out that the rays of the violet end of the

spectrum, where there is least heat, cause a vivid

phosphorescence in the sulphide of calcium, while

the rays at the red end, where there is most heat,

cause the phosphorescence produced by the other rays

to cease. The phosphorescent sulphide of calcium

was prepared by Canton by heating intensely for

one hour a mixture of three parts of sifted calcined

oyster-shells with one part of sulphur, which is

materially the same as the plan adopted by

Balmain, who heats together lime and suljihur, and

the product is then for painting purposes mixed

with mastic varnish and a little tui-pentine. The

nature of the light emitted varies with the method

employed to prepare the sulphide, an orange-coloui'ed

phosphorescence being obtained from sulphide of

calcium which has been prepared from oyster-shells,

while the light is much more refrangible, bluish,

when the sulphide is made from carbonate of lime

which has been precipitated.

Among the other substances which become

phosphorescent by insolation we may mention the

diamond, and the following salts of lime—the

nitrate, carbonate, phosphate, and ai'seniate. The

sulphide of barium is likewise a remarkable phos-

phorescent body, and is said to have been the first

substance that was known to become phosphorescent

after insolation. It is variously known as solar 2>hos-

phorus, Bologna stone, or Bologna j^hosphorus, and

may be made in the following manner .'—Mix the

finely-powdered heavy spar or sulphate with gum,
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and calcine the paste thus obtained. The iiroduct

of calcination is the sulphide of barium.

The length of time during which a substance

continues to phosphoresce after insolation varies

with its nature, as one would expect, and while

some give out light for hours, others do not exhibit

it even after the lapse of a second. Becquerel

found, for example, that fluor-spar is seen to be

phosphorescent only when not more than ^J^^th

of a second has passed since it was iiisolated. For

Fig. 5.—Becquerel's Phosphoroscope.

such delicate determinations of duration, he em-

ployed the phosphoroscope. The body to be ex-

perimented upon is placed in a cell within the

instriiment, and between two discs which are made
to revolve (Fig. 5). Each disc may liave one or

more sectorial apertures which are not opposite to

another, so that upon turning the handle when
there is nothing in the phosphoroscope the observer

sees no light coming from the aperture next to,

and passing his eye. When, however, a phospho-

rescent substance is in the cell, it receives a charge

of light, if one may so speak, as the aperture in

the disc farthest from the observer passes it, and
if the light it emi^s after this sudden and short

insolation last for a small fraction of a second, the

observer on the other side sees it when the aper-

ture in the disc nearest to him passes his eye.

Heat alone will produce phosphorescence in some

bodies, and one of the most remarkable in this respect

is the fluor-spar, or fluoride of calcium, which we have

just seen is so weakly phosphorescent after insolation.

If powdered fluor-spar be put on a plate of heated

iron, not hot enough to be red, the powder will

shme with a vivid phosphoric light. And a variety

of the fluor-spar, called chlorojjJiane, emits light at

a temperature so low as 20" to 25" 0. In illustra-

tion of this portion of our subject, the reader may
try the following interesting and simple experiment.

Heat one of the fire-irons, say the poker, to red-

ness. Take it now into the cellar, and when it has

cooled just sufficiently to emit no further light,

rub the heated end over the whitewashed wall.

The end of the poker is now illuminated by a

white phosphoric light, and upon bringing it into

daylight it will be seen that some of the white-

wash has adhered to the iron. It is remarkable

that whitewash is also said to be very faintly

phosphorescent after insolation.

Many substances emit a phosphoric light when
they are struck in the dark, and among these are

chlorate of potash, felspar, and sugar.

^-^^ Take two pieces of lump sugar into

~-^E^F5_, a dai'k room and strike them to-

gether. Every now and again faint

flashes of light will be observed, thus

furnishing us with a simple example

of phosphorescence produced by pei-

cussion.

We have now to describe the

remarkable cases of phosphorescence

^¥^--- to be seen in empty space, vmder

circumstances that have been dis-

covered by Mr. Crookes. When
discussing this subject,* we described the various

phenomena, mechanical, electrical, and physiolo-

gical, which may be observed within a vacuous

chamber; and we may take it as a sign of the

times that this account has become partially in-

complete even so soon, owing to the discoveries

that have been made since it was written. We
then learnt that a fairly good vacuum transmits

an electric spark, that in a still better vacuum,

well-balanced and very light bodies begin to

move when the sun's rays fall on them. But

we are now taught, in addition, that when the

vacuum has been made so perfect that there is

within the vacuous vessel a pressure of only about

one millionth of an atmosjjhere, extraordinary

phosphorescent phenomena are observed if the

* " Empty Space," " Science for All," Vol. \., p. 110.
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vessel be connected with an induction coil. At
such a pressure the inner surface of the glass glows

with a rich light, whose colour, Crookes has shown,

depends ixpon the nature of the glass vessel used :

uranium glass giving a dark green jihosphorescence,

English glass a blue, and soft G-erman glass a

bright apple-green phosphorescence. The particular

point of emjitiness at which this haj^pens will,

perhaps, be still better understood by turning to

Fig. 15, p. 110, Yol. I., where an induction spark

is represented as passing through an empty vessel

(c), accompanied by that layer-like appearance

which is known as the stratification of the electric

light. If this vessel (c) could be made more empty

of air still, the stratifications would disappear, and

then would flash out all along the surface of the

glass the peculiar phosphorescence which we are

considering. Crookes regards this phosjjhorescence

as produced by the bombardment of the remaining

molecules of gas against the sides of the glass, and

his experiments would appear to show that these

molecules are shot off the negative pole in straight

lines, like rays of light. Many minerals placed in

the path of the flying molecules exhibit a brilliant

phosi^horescence. A diamond, for example, that

was mounted in the centre of an exhausted bulb

(Fig. 6) shone with as much light as a candle,

Pig. 6.—A Phosphorescent Diamond.

phosphorescing with a bright green light when the

negative discharge was directed on to it. A col-

lection of diamonds, lent to Crookes by Professor

Maskelyne, exhibited, when treated in the same
manner, the following colours of phosphorescence:

apricot, red, orange, yellowish-green, pale-green,

and blue. Under similar cii-cumstances, rubies

shine with a bi'illiant rich red colour, as if they are

glowing hot, and they emit this colour of phospho-

rescent light whatever may be their natural colour.

Many other curious facts were discovered in this

Fig. 7.—A Shadow on a Phosphorescent Ground.

investigation, and not the least imjiortant of these

was that a sort of shadow is produced by an

obstructing body placed in the path of the rushing

molecules. Within a pear-shaped bulb (Fig. 7)

subsequently exhausted to the proper degree, there

was placed a cross (6) so that it would be in the

way of air particles rushing from the negative pole

(a), when the apparatus was joined up to the in-

duction coil. Under the influence of the air par-

ticles flying from a, all pai-ts of the bulb, save a

cross-shaped space at the broad end, soon exhibited a

phosphorescent light jiresenting the appearance

given at c (Fig. 8). Upon now shaking the alu-

Fig. 8.—Eevei-sal of the Shadow.

minium cross, b, (Fig. 7) off' its hinge, the perfectly

fresh dark space at c d became luminous under the

bombardment of the air particles, and so luminous

in comparison with the wearied background that

had been phosphorescing from the commencement,

that now the observer beheld a luminous cross on

a comparatively black ground (e
J",

Fig. 8). We see,

therefore, that the negatively electrified molecules

of air remaining in the bulb dash against anything

that is in front, and cast shadows, as it were, of

obstacles which stand in their way
;

that, where
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they are stopped by the glass, light is produced by

the sudden arrest of velocity, and we may further

add that it is accompanied by a rise of temperature.

We have now one more example of phosphores-

cence to consider, and then we have done, and it is

that of the phosphorus with which we started.

Perhaps in none of the other cases we have men-

tioned can it be positively said that combustion is

going on, but in this there is no doubt. Phosphorus

very readily combines with the oxygen of the air,

i.e., in. ordinary language, it readily burns, and

when it burns it gives out light. If it be burning

fiercely it will give out a light that may dazzle the

eyes, and the higher oxide of phosphorus will be

formed. If, on the other hand, it be burning very

slowly, the lower oxide is formed, and only a very

faint light is emitted. It will therefore be seen

that the phosphorescence of the match-track is due

to the combustion of the trace of phosphorus left

on it, the friction of the operation raising its tem-

perature sufficiently to make it burn in the air.*

We have seen, then, in the course of this paper,

that there are many substances—animal, vegetable,

and mineral—M'hich, under certain circumstances,

are self-luminous, emitting a faint light. Now, to

produce this light there must be a molecular

agitation of some sort sufficient to disturb the ether,

and originate those ether waves which we suppose

to be the basis of light, and this molecular disturb-

ance may arise from chemical or physical changes.

Where chemical change is the cause of phosphores-

cence new compounds are formed, as in the com-

bustion of phosphorus, and perhaps also in the

cases of decay and putrefaction we have had

occasion to mention ; for here there must be such

alterations of atomic position, both preceding, as

preparatory to, and during decomposition, that it

requires no stretch of imagination to see that the

ether that laves these atoms may be sufficiently

disturbed to produce light. Nor is it dithcult to

picture to ourselves what may be happening where

phosphorescence arises from physical causes, for

here the necessary vibration, or trembling of the

phosphorescent body's molecules may be produced

by the beating of air particles against it, as in the

phenomena Crookes has so successfully studied, or

by the wash of ether waves, as in the case of inso-

lation.

Turning from matters theoretical to those

practical, we cannot say as yet that phosphores-

cence has been utilised in the afiairs of life. It

has, however, been proposed to use Balmain's

luminous paint for painting the interiors of rail-

way carriages, among other purposes, to the end

that the phosphorescent mixture, after drinking iix

the sunbeams falling athwart the rushing train,

might give them out again in dark tunnels for the

benefit of passengers. The white man is, in short,

treading in the steps of his red bi'other, who
has for long been known to utilise the light of the

wah-wah-taysee—attached to liis hands and feet for

night-travelling, and within his home for the benefit

of his industrious squaw performing her evening

wigwam duties.

THE BIOGEAPHY OF A TEILOBITE.

By Charles Callaway, M.A., D.Sc, F.G.S.

ON examining some of the older rocks, or, in

default of going to the fountain-head of know-

ledge, almost any general geological collections, some

curious-looking petrifactions like those figured on pp.

54, 55, 56, will soon strike the eye. On further extend-

ing his acquaintance with the extinct orders of beings

known as fossils, the student will note that the " Tri-

lobite," as he will learn to call the forms which first

attracted his attention, though they have all one

general family likeness, differ in numerous minor par-

ticulars, and that it is owing to these differences that

each form has got a different name. The Trilobite, if

questioned by the student, might indeed tell its own
* " Striking a Light," " Science for All," Vol. I., p. 140.

history, not orally, but in the way in which even an

inanimate object can address the practised interroga-

tor. Hence, we may imagine such a fossil relating

to us in brief form the story of its life in the early

waters, and its entire disappearance eons and

eons ago. This tale would be briefly as follows :

—

It was born in the Carboniferous epoch. Its

home was in the soft calcareous mud at the bottom

of a shallow sea. By the dim light which found its

way down through the water, it could see thousands

of creatures like itself crawling over the surface

of the mud, while over its head swam gi-eat shark-

like fishes, and sti-ange monsters, shaped like huge

nautili straightened out, floated on the waves, and
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Fig. 1.—Prestwicliia, Coal Measures.

spread out theii- feelers in search of pi'ey. Its

mother, had she possessed the gift of speech, might

have tokl tales about the land which bordered upon

the ocean in which their ancestors lived *—how the

land was overspread with great ferns, gigantic club

mosses, horse-tails thii-ty feet high, and wonderful

trees, whose tall

trunks were co-

vered over with

seal - like scars.

She might also

have described

tlie strange spi-

ders and insects

which inhabited

the forests, and

deplored the dul-

ness ofthe scenery

attributable to

the fact that

butterflies and

flowers had not yet come into being. She might,

also, have had a great deal of prophetic instinct. She

could have foretold that the race Avas doomed to

extinction, and that when the last Carboniferous

tree - fern had faded,

the order of the Trilo-

1)ites would cease to

he. Their place would

then be occup)ied by

the Frestwichia, an

animal (Fig. 1) inter-

mediate in form be-

tween themselves and

a king-crab ; and then

in after-ages, the noble

king-crab himself (Fig.

2)would represent their

ordei\

The Trilobites are a

very ancient race. They

existed in a finely-

developed condition in

the oldest Cambrian f
epoch, they reached

their culmination in Silurian times, their numbers

had greatly diminished by the Devonian period,

and now were represented by not more than about

a dozen species. Though their numbers were

small, they had not degenerated either in beauty

or in the complexity of then.' organisation. In-

* " Science for All," Vol. III., p. 48.

t " Science for All," Vol. I., Frontispiece.

Fig. 2.—Under Surfnce of Kiug-
Crab. (Limuhts 2^oliji:}]Lemus)

.

deed, there is reason to believe that they were

superior in these respects to most of the Cambrian

Trilobites, and to many of their SUurian descen-

dants.

But first of all we must describe what a TrUobite

is like. Its body is divided into three lobes—hence

its name—a peculiarity in which it is imitated

by the Frestwichia. The central lobe is called the

axis, and the parts of the body are symmetrically

arranged on each side. Taking a Trilobite from

front to back, trilobation is also seen. The three

parts are the head, the thorax, and the tail.

Fig. 3 shows the upper surface of the head. The

-Upper Side of Head of Trilobite.

(After Salter.)

central lobe is called the glabella (a), and it is

separated from the cheeks on each side by the axal

furrows (a*). At the base of the glabella is the

neck-lohe (b), separated by the neck-furrow (c).

The glabella is also lobed (g, h, i) at the side, and

the side-lobes are separated by furrows {d, e, f). In

front is the frontal lobe (a), which is sometimes

-Under Side of Head cf Ti-ilobite.

(After Salter.)

interrupted by a pair of frontal furrows (/*).

Forming one mass with the glabella are portions

of the cheeks (b, j, r, k). This central head-shield

is bounded on each side by a curved line called the

facial suture (q, q). A part of each cheek is mov-

able or free. These free cheeks (o c) bear the ei/es,

which in the figure are compound. The posterior

angle (b) is often produced into spines. The facial

suture sometimes cuts the posterior mai'gin, as seen
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in the left side of the head ; but in other types it

turns round at a right angle, and cuts the side

margin, as represented in the right side. The

under surface of the head is shown in Fig. 4. The

rostral shield is seen at m, and the lahru7n at n.

The thorax is made up of segments, or thorax-

rings (Fig. 5), which vary in number from two to

y 9^

Fig. 5.—Two Segments of a Trilobite. (After Salter.)

twenty-six. Each ring consists of an axis (a), with

jjleurce on each side. The pleurse are sometimes

faceted {a) to enable them to slide over each other,

when the animal rolls itself up. In other cases, the

pleur* end in points {g, g). The tail, or pijgidium,

is in one piece (Fig. 6). A is the axis. The lateral por-

tions are marked

so as to represent

distinct segments.

The margin (e) is

sometimes entire

(a *), sometimes it

is produced into

points {b *). In

these figures the

general characters

of Trilobites are

represented, not

any one species, as must already have been evident

from the dissimilarity of the opposite sides of

the body. Wliat is their place in the animal

creation] The Trilobites' bodies, being covered

with a chitinous—or hornlike—shell or "crust,"

and being articulated in a number of segments, it

is evident that they belong to the class Crustacea, of

which crabs, lobsters, shrimps, king-crabs, barnacles,

and wood-lice are examples. But they differ widely

from all other crustaceans. Theyare probablynearest

to the wood-louse, for that disagreeable creature has,

like them, compoimd eyes and a broad tail-shield,

while it also possesses the power of rolling itself

into a ball. But the wood-louse order has always

seven segments to the body, no more and no less,

and some of its number live entirely on the land.

They still less closely resemble the king - crab,

for they very rarely possess any appendage to the

Fig. 6.—Tail of Trilotite. {After Salter.)

body. On the whole, they are entitled to the rank

of a distinct order, the Trilohita.

It will, however, have been noticed that we have

compared the race with creatures which did not

come into being until long after its extinction.

In our wanderings over the upturned sea-

bottoms, we often visit the grave-yards of ancient

Trilobites. These burial-places were of very

different antiquity. First of all, races of Trilo-

bites flourished in the Cambrian epoch. At their

death, the soft portions of their bodies, such as

their breathing organs, their swimming feet, and

their internal parts, perished by decomposition,

while their hard shell or carapace was buried

in the soft mud. Bed upon bed of this mud

was deposited, each containing the remains of the

races peculiar to the period. All the grave-yards

of the Cambrian epoch alone reached a thickness of

several thousands of feet. In like manner, the

Silurian periods. Lower and Upper, witnessed the

accumulation of great thicknesses of strata of mud,

sandstone, and limestone, containing the carapaces

of many families, most of which differed from their

Cambrian ancestors. Then followed the Devonian

epoch, with like deposits of Trilobite-bearing strata.

But some one may perhaps inquire how we can

see the remains of Cambrian Trilobites, when

the Cambi-ian burial-grounds are covered

in by the deposits of later periods. The

reply to the question is not diflicult. The

reader must know that at the close of the

Lower Silurian (Ordovician) epoch, the

preceding strata were bent into great folds,

and were gradually lifted up to the level

of the sea,* and the waves, wearing away the tops

of the curves, exposed one after another the under-

lying beds. In like manner, the burial-grounds of

other periods are exposed to after ages by upheaval

of one set of strata, and the washing or wearing

away of another series. In this way, by visiting

different areas, we are able in one place to study

Cambrian Trilobites, in another Silurian, and in

a third Devonian.

In the most ancient of the Cambrian grave-yarda

may be noticed a veiy ctirious Trilobite, which

seems very inferior to ordinary Trilobites in its

organisation (Fig. 7). It had no eyes or facial suture.

The head and tail were almost alike, and there

were only two segments in the thorax. But all of

these ancient creatures are not so simply con-

structed. Associated Avith this Agnostus was one of

the most magnificent of the Trilobites (Fig. 8). Itwas
* "Science for All," Vol. II., pp. 163—165.
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Fig. 8,—Paradoxides.

of great size, sometimes reacliing a length of two

feet. The cheeks were produced into great spines,

and the pleurae also ended

in spines. The segments

of the thorax were nu-

merous, and the compound

eyes very large. These

strange creatures are re-

garded as amongst the

earliest of the order, and

wherever they are found,

the strata containing them

are considered very ancient.

In the Ordovician grave-

yards are found the remains

of some very curious Trilo-

bites. Of these the Trinu-

cleus (Fig. 9) was perhaps

the most interesting. The

head was very large, and

the cheek spines projected behind to double the

length of the body. In the centre of the head

were three prominent lobes, which

were surrounded by a broad fringe

curiously dotted all over. The thorax

was of six segments, and the taU

small.

In Silurian times, Trilobites were

very handsome in form and very

numerous. They might be regarded as the mon-
archs of creation in that period. Some of them
were of very fantastic shape, the glabella swelling

out into a prominent ball, and the thorax and
tail being ornamented with numerous spines. In
fact, they seemed to be all knobs and spikes.

But as the race dwindled away in the Devonian
and Lower Carboniferous periods, the aberrant

forms vanished from the scene, and the Trilobites

became plain, sober-looking creatiires.

Their ancestors were never very particular in their

burial rites—albeit they had little "local option"

as to their graves. Some of them were entombed in

proper fashion, lying at full length without distor-

tion or iracture. But others died curled up into

a ball, and so were buried. When we light upon
them in their grave-yards, we find them in the same
attitude, their tails bent round so as nearly to touch

the front of the head. Great numbers were buried

in fragments. In some localities, we find heads

predominating, and in others, tails. We sometimes
discover all the parts in the same spot, but slightly

moved away from each other. Their bodies had
evidently lain on the surface of the mud at the sea-

bottom till all the soft parts had decayed. The
different parts and segments thus became detached.

Then gentle currents in the water slightly moved
the loosened pieces

;
but, before the disturbance

had been carried far, more mud was deposited, the

carapace was covered in, and the position of its

parts was finally fixed.

It is certain that the mode of life of Trilobites of

even the most ancient epochs was similar to that

of the most modern. They lived in a shallow sea,

otherwise the light of the sun could not reach

them. The Lower Cambrian forms must also

have enjoyed the advantages of light, for, though
Agnostus was blind, Paradoxides had large com-

pound eyes, and one may be quite certain that

he would not have been endowed with useless

organs. In many of the race the eyes are simple,

and in a few they were mounted on short stalks.

We sometimes find in the grave-yards very small

creatures which at first greatly puzzle us ; but

after a time we ascertain they are the carapaces

of very young Trilobites. Either the little things

had died in their infancy, or they had cast their

carapace in the process of gi'owth. The one which

we have figured was very simple (Fig. 10) in

structure, consisting of a minute oval shield,

on which were marked an elongated smooth

glabella, and two or three thorax - rings. Y\g.\o.

There was as yet no separation into head, mS-'

thorax, and tail, though the specimen was the

young of a highly organised Trilobite {Conocoryphe).

While studying some of the Cambrian burial-

grounds, where the rock in which the Trilobites

were entombed was a cleaved slate, we may observe

that many of the specimens were distorted. Some
were squeezed sideways, so as to leng-then them ovA,

others were made short and broad, while some were

squeezed obliquely, * so as to give them a high-

shouldered appearance.

But though some Trilobites died out early and

others late, the carapace of the latest races became

embedded in a calcareous mud, which by-and-by

was consolidated into the Carboniferous limestone.

By changes in the geography of the globe, sand

and mud were deposited on its burial-place, and

the sea was filled in, and became dry land, on

which grew the luxuriant vegetation of the Coal

Measures. Then the sceptre departed from the

Trilobites, and the dominion of the sea-bottom

passed to other races.

When, in later ages, subsidence took place, and

the sea again covered in the land, great swimming
* "Science for All," Vol. I., p. 346.
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reptiles * held the sovereignty of the sea. These,

like the Trilobites, culminated, dwindled away, and

passed into extinction, leaving only their bones to

tell future epochs of their existence. Meanwhile

the higher races of the world came into being on

the land, and the rule of marine animals passed

away. In process of time, Man claimed the sceptre

of the world. Without carapace, compound eyes,

facial suture, or glabella, he became the summit of

creation, and the final and permanent end of the

universal jilan. In his thirst for knowledge, he

has delved into the earth's crust, and explored the

ancient grave-yards of Trilobite, Coccosteus, and

Plesiosaurus alike. He writes books upon their

structure and history, and describes them as an

inferior creation. But in his blindness he fails to

foresee that his i^roud race, like tlieir humble one,

may pass away, and that still higher orders of

life may possibly come into existence, who will

describe a man as Man describes a Trilobite.

SEA-S(

By Dr. Andrew

THE animals whose name heads this paper can-

not claim a close or intimate acqxiaintance

with the public at large, inasmuch as their very

existence is unknown to, and undreamt of by all

save those to whom the chief facts of zoology are

tolerably familiar. Nor, for that matter, are the

sea-squirts externally captivating beings. Regarded

from their outward aspect, they may be said to be

more than plain; and the term "ugly" may,

without much oflFence even to the scientific mind

—

accustomed to perceive beauty wher-e commonplace

vision beholds none—be applied to the animals in

question (Fig. 1). That they are animals at all might

be subject of doubt with not a few observei's behold-

ing a sea-squirt for the first time. There is nothing

to suggest ordinaiy animality in the figure and

guise of a being whose outward appearance may
readily enough be described by saying that it

exactly resembles the " leather bottel " of the song,

in that it possesses a bag or sac-like body (Fig. 1, A, b),

with two openings ; the said body, being attached to

a stone, or more commonly, perhaps, to an oyster-

shell, or similar object. In zoological works, the

term " double-necked jar " is used to describe the

form and appearance of the common " sea-squirts."

The technical name Ascidian applied to the

familiar forms, is, in fact, derived from the Greek

askos, meaning a wine-skin, which, as formed of

old—and as made in the East to-day—from the

skin or stomach of some animal, presents a shape

very nearly resembling that into which Nature

modelled the sea-squirts ages before man, or his

necessities in the way of wine-skins, were facts of

the universe. " Sea-squirts " to the popular mind,

then, may not at first sight appear to present a

* " Science for AU," Vol. II., p. 137.
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subject of interest, even for casual study. But
promise of intellectual gain, like the harvest of

important chemical jDroducts gained from waste

matters, may not be judged or estimated by the

external aj^pearances of things. And the history

of the sea-sqtiirts ofi"ers an illustration in support

of this allegation. Not merely may we discover a

veritable mine of zoological wealth within the com-

pass of a sea-squirt's frame, but we may likewise

discover that through recent research and its specu-

lative philosophy, the sea-squirt race becomes theo-

retically connected with even the highest forms of

animal life. For in that system of hypothetic

philosophy whch makes much of evolution and

descent, the young sea-squirt becomes the parent

stock of the Vertebrate animals — a fact well-

known to all readers who have dipped even

cursorily into the recent literature of zoology.

But leaving on one side all questions of what
sea-squirts may have been, we may find more than

enough to interest us in what they at present are
;

and more than one important scientific truth may
be wrought out, and thought out, if, first of all, we
endeavour to understand the comparatively simple

structure of the " leather bottel " of the natural

historian.

On an oyster-shell, then, we have found, attached

by its base or lower extremity, a tolerably clear

bag-like organism, about an inch in length. Despite

its clearness it is of tough consistence, and can be

handled without much fear of destroying its form

or substance. At its upper end we see two ajDer-

tures, borne each on a slight neck or elevation.

The higher of the two we shall name the " mouth,"

whilst the lower has been termed the " atrial aper-

tm-e." We shall find an advantage in fixing these
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names once for all on our minds, inasmuch as an

appreciation of the relative situation and function

of these openings lies at the root of the understand-

ing of a large portion of the sea-squirt structure.

There is something remarkable in the fii'st instance

to be noted regarding the bag or sac, or outer layer,

within which sea-squirt anatomy conceals its iden-

tity. The tough outer layer of the body is called the

" tunic," or " test " (Fig. 2, d)—which latter term,

it may be remarked, is often applied to the "shells"

of such animals as the sea urchins,* and of other

and lower forms of animal life as well. When
chemically analysed this outer layer is found to

contain a substance called cellulose, slmo&i identical

in its composition with starch.

The discovery of this fact was, as has been well

remarked, one of the most remarkable achievements

of comparative physiology. Why 1 it may be asked.

The answer is not difficult to find. Cellulose is a

substance of world-wide occurrence in the vegetable

kingdom. It is found alike in low and high plants.

The lichen possesses it as well as the oak, and it is

found alike in the fungus and in the palm. A sub-

stance like this, then, is charactex'istically a plant-

product. Its discovery in an animal was therefore

a notable fact for science ; and although we now
know that a most confusing identity of substance

and form besets animal and plant worlds, still the

fact of cellulose being manufactured by animals

stands out clearly as one of the best examples of

this interchange of secreting powers. The occur-

rence of cellulose in a sea-squirt is, in truth, an

infringement of the presumed "patent right" of the

plant to produce this substance ; but so many
cases of allied nature occur in the experience

of the biologist, that, as in law, so in natural

history, precedents and custom convert an unusual

into a pex'fectly normal condition of life.

If, in examining our sea-squirt, we lay open

the tough " tunic," or " test "—from the presence

of which the sea-squirts' family designation of

" Tunicates " is derived—we shall find internally,

to this layer, a second and more delicate coating.

The latter is named the " mantle " (Fig. 2, e). In
its general nature it is highly muscular, and to its

action may be ascribed the popular name of " sea-

squirts " which the Tunicates have received. When
a living sea- squirt is touched, or roughly handled,

jets d 'eau are immediately expelled from the two
orifices of its sac-like body, but in greatest quantity

from the mouth aperture. This fluid is the water

used in bi'eathing, and the forcible contraction of

* "A Starfish," "Science for AU," Vol. III., p. 299.

the body is due to the action of the " mantle,"

which thus, by the energetic powers with which

it is endowed, seems in a measure to compensate

for the otherwise stationary and fixed habits of

these beings.

The mouth of higher animals leads into various

channels, amongst others into the breathing and

digestive systems ; and it is the most natural of

expectations that this apei-ture should lead into the

throat, and thence into the stomach of the animal

form. When, taking a sea-squii't in hand, we ana-

tomically investigate its structure, we may feel sur-

prised to find that instead of the mouth introducing

us to the digestive system of the animal, it leads

into a sac or bag (Fig. 2, c), which, in common
sea-squirts, is relatively large when compared with

the size of the animal itself. In a common sea-

squirt, at present before me, the length of the body

is one and a half inches, and the sac in question is

three-quarters of an inch long by half an inch

broad. When we scan closely the surface of this

bag, we find it to present a texture somewhat

resembling very fine-meshed muslin in appear-

ance. The walls of this bag, in fact, resemble a

fine lattice, and the sac itself opens below into a

tube which we have little difficulty in discovering

to be the beginning of the digestive system proper.

Now what is this sac or bag into which the mouth-

opening of our sea-squirt leads ] The microscopic

examination of the sac shows that it consists of a

dense net-work of blood-vessels, lodged within the

substance of its lattice-like folds, and also that the

meshes of the lattice-work are fringed with those

delicate ever-moving filaments named cilia, which

occur in our own windpipes, and in other parts of

our frame.t So that we find, firstly, that what-

ever be its functions, this sac receives a large

supply of sea-squirt blood, which circulates through

the lattice-work structure ; and secondly, that its

cilia will ensure the constant circulation of what-

ever fluids are admitted to its interior.

But, side by side with this first or hranchial sac

(as we may'name the lattice-work bag into which the

sea-squirt's mouth opens) another sac or bag(Fig. 2,'Z)

is readily discovered, and the use of sac number one

can only be rightly appreciated when the nature

of bag number two has also been investigated. The

walls of this second sac do not present the lattice-

work arrangement seen in the " branchial bag," nor

is its substance beset with blood-vessels like that of

the latter organ. Furthermore, we can readily dis-

cover that just as the mouth leads into the branchial

t " Science for AU," Vol. Ill, p. 324.
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sac, so the atrial or other orifice of the sea-squirt's

body leadsfrom the second sac, which may there-

fore be called the atrial sac or atrium. We say

from the atrial sac, because, as the sequel will show,

the second aperture (Fig. 2, m), is in reality an

aperture of exit, just as the mouth, on the con-

trary, is an entrance to the sea-squirt economy.

In the living sea-squirt continuous currents of

water pass into the branchial sac through the

mouth. These currents remind us of the similar

arrangement familiar to all in the mouth of

fishes, into which water is continually received,

and passed into the gill-chambers to provide the

oxygen necessary to aerate the blood. In sea-squirt

physiology, the same purpose is served by the

in-going water-currents of the branchial sac. Laden

with the vitalising oxygen, these currents serve to

purify the blood of the sea-squirt, whilst the efiete

carbonic acid gas and other waste products are

given off fi'om the blood to the water, which thus

becomes an effete and useless product within the

sea-squirt domain. Thus it is noteworthy, that

humble though the sea-squirt may appear to be in

the zoological world, its vital processes partake of

the same nature as our own; the excretion of

carbonic acid and the inhalation or absorption of

oxygen being as characteristic a feature of Tunicate

life as of animal and human existence.

In the common fishes, the effete water of respira-

tion or breathing is—as everybody knows who has

watched a gold fish breathe—forced out behind the

gill-covers by the forcible contraction of these

structures. We have seen that our sea-squirt also

possesses the means for forcibly ejecting its breath-

ing-water in the sharp contraction of the " mantle "

or inner and muscular lining of its body. But
such a forcible method of ejecting water would

hardly suit the ordinary run of Tunicate existence.

To begin with, it would demand a too great

exercise of muscular power, and nature is rarely if

ever found on the side of wasteful expenditure,

when quieter methods of action exist. Hence we
find, in the incessant play of the cilia which line

. the meshes of the branchial sac, the means for not

merely sweeping from without its precincts the

effete water, but likewise for renewing the salutary

and vivifying supply. The cilia work incessantly

in the direction of the atrial sac, which we have

noted to be side by side with the branchial one

—

or which, as some authorities maintain, actually

surrounds and encloses the branchial bag—and
from the atrial aperture the effete currents are

in due course discharged into the world of waters

outside. Thus in the living sea-squirt constant

currents of water flow into the body by the mouth,

and as incessant streams escape by the atrial

orifice. The water, in its passage from one sac to

the other, performs the double duty of giving up

the oxygen it carries for the purification of the

animal's blood, and of serving to carry off the effete

and waste products which the act of living [entails

alike in sea-squii't and in man. The breathing sac

of the former is in truth analogous to the lungs

of the latter ; and it is noteworthy that in the

lowest fish and vertebrate—the little clear-bodied

Lancelet
(
Amphioxus) an arrangement for breathing

exists, similar to the perforated branchial sac of

the sea-squirt. In concluding our examination of

the sea-squirt's breathing organs, we may lastly

note that in certain Tunicates, which differ from the

common fixed forms in that they swim freely on

the surface of the sea, the inhalation and ejection

of water are used as a means of locomotion, very

much as in the case of the cuttle-fish.

The branchial sac with which oxiv examination of

the sea-squirt began, may serve as a text for inves-

tigation in another direction into Tunicate existence.

Just within the mouth-opening of this sac, we find

a circlet of small tentacles (Fig. 2, b), probably serv-

ing as organs of touch, and, in any case, guarding,

like sentinels, the aperture of the mouth, which

can be firmly closed, should occasion require, by

the muscular fibres around its margin. In its fixed

condition, a common Tunicate cannot, even by the

biassed zoological mind, be regarded as—to use a

popular and expressive phrase—" a lively animal."

The need for acute and active appreciation of what

is going on in the world around it, which is a con-

dition of existence in the higher actively moving

animals, is not felt or experienced in sea-squirt life.

Yet organs of sense are by no means unknown, in

addition to the tentacles or feelers placed just

within the mouth-opening. For instance, we find

that in the young stage of sea-sqviirts, eyes exist

;

and in the mature Tunicate we may discover around

the mouth- opening, and sometimes within the atrial

aperture also, a series of small colour specks, which

are undoubtedly rudimentary organs of sight

We also know of a simple organ of hearing

which exists in some of these animals, and whict

exhibits as its essential features, the form of a

little sac or bag containing fluid, in addition

to a limy particle (or otolith)—such being the

common beginnings of ears in the lower animals

generally. A groove provided with cilia, and

placed near the branchial sac, is credited with
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being an organ of smell. The possession of sense

organs, however, indicates the presence of a

nervous system, or its equivalent. " What," it

may be asked, " and where, is the nervous

system of the sea-squirt 1" Just between the two

apertures of the jar-shaped body, we find the in-

ternal structure of the sea-squirt to exhibit a mass

of nervous matter (Fig. 2, n), called—as nerve-

masses are everywhere in the animal world—

a

municates a sensation to the chief nerve-centre, or

brain, which, "reflecting" its sensation in its turn

to the muscular arrangements of the legs, carries

the assaulted to safe distance, or, it may be, under

other circumstances, is " reflected " back upon the

sea-squirt itself, and serves to diffuse zoological

"sweetness and light" into the scientific examina-

tion of that organism.

Sea-squirts, however, like all other living beings,

rig. 1.—Various Kinds of Sea-squirts. {After Lacaze-Duthiers.)

A, Molgula socialis; b, Amurella simplex
; o, Circinalium concrescens, a social Ascidian : D, Botryllus calendula, a compound Sea-squirt;

E, Astellium spongiforme, also compound.

ganglion. From this nerve-mass, as from a centre,

nerves are distributed to the body at large. The
muscular mantle, in particular, receives a large

supply of nerves; and thus when a sea-squirt ejects

its breathing water in the face of a prying zoologist,

it is liighly probable that the act is essentially

similar in its details to that whereby the assaulted

person is enabled to withdraw from sea-squirt

society. In the former case, a touch communicated
to the body was sent as a nervous impulse to the

nerve-mass, and hence was " reflected," as we say,

to the nerves of the mantle, with the result already

detailed. And so also in the case of the human
observer. A jet of water received in the face corn-

possess a commissariat department wherewith the

wants of the frame are supplied, and the ends of

nutrition subserved. The free, actively moving

animal is at no loss to provide for its wants, and in

general is adapted by nature to forage successfully,

and advantageously. But the flxed sea-squirt, with

a digestive system removed to its internal parts,

so to speak, and whose true thi-oat begins only at

the bottom of the branchial sac, might, and not

unreasonably, be deemed to be in evil case as

regards its food-providing habits. The difficulties

of Tunicate life in this respect are, however, fairly

and well overcome by an ingenious—if one may
apply that term to Nature—arrangement connected
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with the branchial sac itself. On one side of this

sac a row of little tongue-like processes, called

" languettes," project into its cavity. The function

of these bodies is supposed to be that of straining

off solid matters from the water which flows into

the sac, such matters being passed downwards to

the opening of the throat at the bottom of that

structure. Thus, sea-squirt fare is conveyed into

the economy along with the water used in breathing.

The digestive apparatus is tolerably complete. The

throat expands into a stomach (Fig. 2, g), and this

organ is continued into an intestine (Fig. 2, h) which

terminates the atrial sac itself ; but there is no

distinct liver, such as we should expect to find in

higher animals. Blood, manufactured from the

digested food, has, in all animals, the function of

nourishing the body. In the

sea-squirts, the blood is there-

fore intended to nourish the

tissues, and for that purpose

is circulated and proj^elled,

as in higher animals, by a

central engine—the heart.

Now, in the higher animals

—birds and quadrupeds—the

heart has a distinctly double

function. It sends blood

through the body, and at the

same time propels that fluid

to the lungs for purification.

To efiect this end, we find

that such a heart is in reality

a double oi-gan. It is so in every bird and every

quadruped. It consists of a right side, which

propels blood to the lungs, whence the blood is

returned to the left side of the heart, and by that

left side circulated through the body.

In a frame of the complexity of organisation of

bird or mammal, such an arrangement is found in

perfection. The heart, with its cavities and valves,

is a complex piece of natural machinery destined to

perform a complex function. In the sea-squirts,

however, we stand on a different platform. There,

we have to face apparently the same functions, but

we do not expect the complexity of apparatus where-

with to discharge them. True, in some animals {e.g.

fishes) the difliculty is surmounted by causing the

heart to perform one half the duty it discharges in

man. In the fish the heart performs one function

only—that of sending impure blood to the gills for

purification. But, in the sea-squii^t economy, a means
for converting a simple heart into a complex worker
has been attained in a fashion unparalleled in the

2.—Diagram of Sea-
squirt Structure.

a. Mouth; b. Tentacles; c.

Breathing Sac; d, Test;
Mantle; /. Heart; g h. Diges-
tive System; i Oviduct; k.

Aims; I. Atrial Sac; 7n, Atrial
Aperture; ii. Nerve Mass.

animal world. The sea-squirt's heart (Fig. 2,/) is a

mere contractile tube, which opens, at either end, into

blood-vessels. Of these vessels, one set passes to

the branchial sac, to carry thereto blood requiring

aeration. From the other end of the heart origi-

nate vessels which pass to the organs of the body,

conveying to the system the renewed and purified

fluid. Nature's problem is, therefore, simply that

of causing this plain contracting tube to discharge

the doiible duty of propelling blood to the branchial

sac, and of also sending it out through the body.

"With the double heart of man, this end is attained

readily and satisfactorily. Simultaneously, our

lungs and bodies receive blood. But with the

simple heart of the sea-squirt such an arrange-

ment is impossible, inasmuch as there is but one

main blood-current and one propelling organ, form-

ing, moreovei', part of the tract through which the

blood has to pass. To propel blood either way at

once would be an easy task ; but to send blood

alternately to the sea-squirt's body and to its

bi-eathing system, without mingling the two streams,

might seem a feat impossible of solution, according

to the ordinary rules of animal mechanics, even by

Nature herself. Let us see how the difliculty has

been overcome.

When the heart of a living sea-squii-t is carefully

observed, a i-egular and periodical reversion of its

action is noticed. Thus for so many beats it will

propel the blood towards the breathing sac

;

performing thus the function of the right side of

man's heart, and sending impure blood to be

purified in the branchial chamber by means of the

oxygen of the sea-water admitted thereto. Then

the heart ceases its action for a moment, and when
it begins to contract anew, the direction of its

motion is seen to be in the opposite direction,

namely from the branchial sac and towards the

body. By this latter action the purified blood

is distributed through the system ; such a function

being analogous to that performed by the left side

of man's heart. The rate of pulsation of the

sea-squirfc's heart varies; the heart contracting

from 48 to 75 times per minute ; whilst it may
make fi*om 45 to 180 beats in one direction,

and, after a pause of some two beats or so,

make 170 or so contractions in the other

direction. Now such a peculiar and periodical

alteration of the heart's action is altogether

anomalous. We know of no parallel instance to

this in the whole animal world, if we except the

case of a low worm (Phoronis), in which there is a

reveiJsion of the blood-current, hardly so well
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marked, however, as in the sea-squirt. By a

peculiar alteration and modification of its action,

therefore, Nature has enabled the sea-squirt's heart

to perform the double function which, as we have

seen, the heart of the highest animals alone

dischai'ges. Even the fish, which has a heart

anatomically more complex than that of the sea-

squirt, possesses a circulating organ at the same

time physiologically (that is, as to its function and

work) less perfect than that of our sea-squirt. For

in the fish, as above remarked, the heart simply

sends the impure blood to the gills for purification,

and takes no direct share in distributing the pure

fluid through the system.

The history of the sea-squirts may appropriately

be closed with the brief chronicle of their develop-

ment. It was the great Harvey who first enunciated

the doctrine which modern physiology substantiates

as indisputable, namely, that every living being

springs from an egg. The sea-squirt is no exception to

this rule. The bag-like organism attached to the

oyster-shell was once an egg ; it appears before us

as the results of the development of a single egg

;

and in truth, of all other sea-squirts, whether simple

or compound, the same remark holds good. For

these animals number both simple and compound
forms in their ranks. One classification of them
divides them into (1 ) the solitary or simple sea-squirts

(Fig. 1, a), (2) the social ones (Fig. 1, c), and (3) the

compound forms (Fig. 1, d). The " social " forms

(such as Clavellina) remind one somewhat of straw-

berries in their manner of growth. Just as these

plants are connected to one another by a creeping

stem or "runner," so the "social" sea-squirts are

united by a stolon or creeping root, which joins the

individuals of the group together. From the

" social " to the " compound " sea-squirts is a step

involving but a difi'erence in degree. There is

simply closer union between the " compound " form

than between the "social" ones. The Botryllus

foimd adhering to tangle, &c., for instance, exem-

plifies the compound sea-squirts. Here we see a

star-shaped being with a central atrial aperture,

common to the members of the colony, each repre-

senting a ray of the star, and each possessing its

own mouth-opening, and its own body. Botryllus

is, in reality, a sea-squirt colony (Fig. 1, d).

But simple or compound, all sea-squirts arise,

directly or indirectly, from an egg (Fig. 3). What
that egg becomes depends, of course, upon the cha-

racter of the parent—for, as in higher life, so in

normal sea-squirt existence, "like begets like." The

first stages (Fig. 3, a, b, c,) in the development of

the sea-squirt's egg are just those that are wit-

nessed in the development of the eggs of all

animals. The egg substance divides and sub-divides

so as to form a mass of cells, from which the young

animal's frame is to be built up. The succeeding

changes, as every zoologist knows, are marvellously

like those witnessed in the development of Verte-

brate animals, and particularly in that of the lowest

fish—the Lancelot. For the young sea-squirt soon

acquires a tail (Fig. 3, f), and appears as a little

Fig. 3.—Development (A

—

p) of Sea-squirt. (After Saeckel.)

At P is seen the tailed larva, with notochord and internal organs already
well developed.

free-swimming tadpole-like body, utterly unlike

its freed parent and progenitor. It possesses sucker-

like processes for attaching itself to fixed objects

;

but the most remarkable features of the young sea-

squirt are seen in the facts, firstly, that it develops

in its back region a cellular rod exactly correspond-

ing to that rod (the notochord) which in Vertebrates

is I'eplaced by the spine ; and secondly, that its

nervous system is developed apart from the other

systems of the body as in vertebrate animals. It

is this extraordinary likeness to the latter which

has given to the sea-squirts a high importance in

the eyes of modem naturalists.

Sooner or later, however, the body of the

tadpole-like sea-squirt becomes moulded into the

form of the adult. The tail disappears in due

course; the young organism attaches itself to its

oyster-shell, and the bag - like form with its

double openings is soon developed by way of

completing the life-history of the animal. It

is noteworthy that there are sevex'al fox-ms of
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sea-squirts known in which the tail of early life

remains as a permanent possession of the animal.

One of these forms, Appendicularia, is well-known;

it uses its tail as a swimming organ, and there

are other sea-squirts (such as Dolioliim, a barrel-

shaped form) which swim freely upon the surface of

Pig. 4.—Salpa zonaria. A, Chain ; B, c, Simple Form,

the sea, like Appendicularia. Two of the best known
of the free-swimming forms are Salpa and Pyrosoma.

Salpa exists under two guises—one is the single

Salpa, and the other a long chain of individual

Salpsejoined together (Fig. 4, A, b). The curious point

about the Salpa consists in the fact that the single

Salpas invai'iably produce " chain " Salpas as theii*

offspring, whilst the " chain " Salpas as invariably

give origin to single forms. As Chamisso observed,

this process seems as if a Salpa never resembled

its parent, but its grand-parent. Probably, how-

ever, there is but one true form—namely, the "chain "

Salpa—included in the process ; the single Salpas

being merely detached buds of the chain stock.

Pyrosoma deserves mention, lastly, not merely

because it is a colony of compound sea-squirts and

swims freely on the surface of the sea (Fig. 5), but

rig. 5. - A, Pyrosoma
; B, Portion, Magnified.

because at night it shines with a vivid phosphores-

cent light. As in other animals, so much nerve or

vital " force " is converted into light, through the

action of a "light organ" placed near the moutli-

apertux-es of the individuals. The light of pyro-

soma, like the phosphorescence of other sea animals,

may recall to mind the "Ancient Mariner's" vivid

description of this phenomenon
;

although the

" water-snakes " of Coleridge have become trans-

formed by the more sober fact of science into the

luminous and less ambitious " sea-squirts."

EARTHQUAKES.
By Professor P. Martin DujiCAX, F.E.S., etc.

FORTUNATELY, in the United Kingdom
only very slight shocks of earthquake are

felt on very rare occasions, and usually these are

restricted to certain parts of the mountainous

districts of Scotland, the north-west of England,

and Wales. But it has happened that a very

decided shake has been felt from Kent into the

Midland Counties, doing, however, little or no
mischief. Slight as may be the shake, if one is

felt it is never forgotten, for the body is very

slightly lifted up, or moved forwards, and returned

to its original position, and the mind is impressed

with the energy existing within the earth which
performed the unusual operation.

In other countries, and especially in those in, near,

or between volcanic districts, the earthquake has

always been a terrible natural phenomenon (Fig. 1).

Causing much loss of life, great fear, and loss of

property, they were, and in some countries still are,

considered especial evidences of divine vengeance.

Producing marked results in the face of nature,

and having been felt during every age of the earth,

and even where there are no men, the scientific

consider them as inevitable occurrences, produced

according to natural law in the divine scheme of

nature. The subject of earthquakes can only be

considered reasonably, by accumulating accurate

histories of them and of their results, and then,

by applying reasoning to the phenomena, to

attempt an explanation of them. Hence its
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division into a descriptive part, which is now business was being carried on, when suddenly, and

under consideration, and into a theoretical study without the least warning, a violent shock of earth-

termed seismology, the main facts and doctrines of quake threw down the greater part of the place,

which will be explained in a future page. Houses fell in, streets were filled with the wreckage.

Fig. I.-The Jesuits' Chuech, Aeequipa, Peru. (After the Earthquake of August, 1868.)

One of the most awful earthquakes of modern

times occurred without any premonitoiy indications,

and it was most intense in a district which had

hitherto been nearly free from them. On Nov. 1,

1755, the town of Lisbon presented its usual

appearance, and the ordinary routine of life and

and it is believed that 60,000 people lost their lives

in the course of a few minutes. It is said that

just before the shock a noise as of thunder was

heard underground, and this is quite possible.

Not only were the mountains in the neighbour-

hood of the city shaken, but some were split, and
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huge masses of their rocks were thrown down into

the valleys close by; but the sea floor also sufiei'ed,

for the sea retired, and the bar of the Tagus was

left high and dry, and then in a few seconds a vast

wave rolled in, rising to fifty feet, at least, above

ordinary water level. The alarm caused by the

falling buildings impressed the frightened crowd

of people that the beautiful marble quay on the

river-side was a safe place, as it was beyond th'^

the Baltic, in Central Germany and Northern

Germany, and in the British Isles. The hot

springs of Toplitz became dry and again began to

flow, but in vast quantity, and the water was dis-

coloured by ochre. Alterations in the springs of

the Pyrenees also occurred.

In the far-off" West Indian Islands of Antigua,

Barbadoes, and Martinique the usually small tide

rose above twenty feet, and the water was dis-

Fig, 2.—Strest in Polla. {After an Engraving in " The Great Neapolitan Earthquake nf 1857," bij Robert 3fa!lef.)

reach of falling ruins. A great concourse of people

assembled there, but suddenly the structure sank

down bodily with all on it, and no vestige ever

appeared. A number of boats and small vessels,

which were anchored near the quay, and many
of which had people in them, were carried down
in the whirlpool produced by the subsidence.

The quay is said to have sunk, according to the

level on which the new quay was erected, at least

thirty feet. The amount of the surface of the

earth which was affected by this earthquake was

at least four times that of Europe. The shock was

felt in the Alps, Pyi-enees, and on the coast of

Sweden, in the small inland lakes on the shores of

153

coloured and inky in blackness. The movement was

sensible in the great lakes of Canada. At Algiers

and Fez, in North Africa, the agitation of the earth

v/as as violent as in the Spanish Peninsula ; and

many people lost their lives in Morocco, it is said,

by the earth opening and swallowing them up.

The shock was felt at sea, and captains of ships,

off" the coast, thought that they had touched ground.

One Captain Clark, when off" Denia, on the east

coast of Spain, between nine and ten in the morn-

ing, had his ship shaken and strained as if she had

struck upon a rock, so that the seams of the deck

opened, and the compass was overturned in the

binnacle. Another ship forty leagues west of St.



69 SCIENCE FOR ALL.

Vincent experienced so violent a concussion that

the men were thrown np from the deck. The

agitation of many of the lakes, rivers, and spi-iiigs

in England and Scotland was remarkable. At
Loch Lomond, in Scotland, the water, without the

least apparent cause, rose against its banks and

then subsided below its usual level. The greatest

height it reached was two feet four inches. A
great wave swept ov6r the coast of Spain, and it

is said to have been sixty feet high at Cadiz. On
the African coast the wave rose and fell eighteen

times, and at Funchal on the distant island of

Madeira the water rose full fifteen feet above high-

water mark, although the tide, which ebbs and

flows there about seven feet, was then at half-ebb.

Besides entering the city and committing great

havoc, it overflowed other seaports in the island.

Kinsale, in Ireland, had an irruption of water into

the harbour which whirled the fishing boats about

and poured into the market-place.

The earthquake shock was felt at Madeira

twenty-five minutes after it destroyed Lisbon, and

the great sea wave appears to have travelled from

the coast of Portugal to that island in two and a

half hours.

About four years after this sudden and solitary

earthquake shock, a series occurred in Syria ; that

is to say, during three months shock after shock

occurred over a space of some 10,000 square

leagues. Damascus, Sidon, Tripoli, and many
other towns were wrecked, and great numbers of

people perished, and it is said that 20,000 were

killed in one valley alone.

"

Chili, on the western coast of South America,

has been celebrated for its severe earthquakes, and

for theii' remarkable results on the physical geo-

graphy of the district. On November 19, 1822, a

shock was felt there and elsewhere throughout a

space of 1,200 miles from north to south; and

when the country round Valparaiso was examined

subsequently, it was found to have been perma-

nently upheaved between three and four feet. The

whole coast appears to have been irregulai'ly lifted

up beyond its ordinary level above the sea. The

shocks continued at intervals—foi'ty-eight hours

rarely passing without one—up to the end of

September, 1823, and the total upheaval of the

coast was from two to four feet, and inland to five,

six, or seven feet—this change of level taking

place over 100,000 square miles, an extent of

country equal to five-sixths of the surface of

England, Scotland, and Ireland. Another sevei'e

earthqiiake happened in 1835, whilst that accurate

observer of nature, Charles Darwin, was in Souti

America. On February 20 he writes, " This day

has been memorable in the annals of Valdivia, for

the most severe earthquake experienced by the

oldest inhabitant. I happened to be on shore, and

was lying down in the wood to rest myself; it

came on suddenly and lasted two minutes, but the

time appeared much longer. The rocking of the

ground was very sensible. The undulations ap-

peared to my companion and myself to come from

due east, whilst others thought they proceeded

from south-west ; this shows how difficult it some-

times is to perceive the direction of the vibrations.

There was no difficulty in standing upright, but

the motion made me almost giddy ; it was some-

thing like the movement of a vessel in a cross

ripple, or still more like that felt by a person

skating over thin ice, which bends under the

weight of his body. A bad earthquake at once

destroys our oldest associations; the earth, the very

emblem of solidity, has moved beneath our feet

like a thin crust over a fluid ; one second of time

has created in the mind a strange idea of insecurity,

which hours of reflection could not have produced.

In the forest I felt only the earth tremble, but

saw no other efl'ect. Captain FitzRoy and some

officers wei'e at the town dui-ing the shock, and

there the scene was more striking ; for although

the houses, being buUt of wood, did not fall, they

were violently shaken, and the boards creaked and

rattled together." Soon after he heard the terrible

news that not a house in Concepcion or its port

was standing, that seventy villages were destroyed,

and that a great wave had almost washed away

the ruins of Talcahuano. " Of this latter statement

I soon saw abundant proofs, the whole coast being

strewed over with timber and furniture, as if a

thousand ships had been wrecked. During my
walk round the island I observed that numerous

fragments of rock, which, from the marine pro-

ductions adhering to them, must recently have

been lying in deep water, had been cast up high

on the beach. The island itself as plainly showed

the overwhelming power of the earthquake as the

beach did that of the consequent great wave. The

ground in many parts was fissured in north and

south lines, perhaps caused by the yielding of the

pai-allel and steep sides of this narrow island.

Some of the fissures near the cliffs were a yard

wide. Many enormous masses had fallen on the

beach ; and the inhabitants thought that when the

rains began greater slips would occur. The effect

of the vibration on the hard primary slate which
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composes the foundation of the island was still

more curious ; the superficial parts of some narrow

ridges were as completely shivered as if they had

been blasted by gunpowder."

Mr. Darwin states that this convulsion has been

more effectual in lessening the size of the island

of Quiriquina than the ordinary wear and tear of

the sea and weather during the course of a whole

century. He landed on the next day, and visited

Talcahuano, and afterwards Ooncepcion, and was

impressed with the awful yet interesting spectacle

he beheld. He wi-ites :
" The earthquake com-

menced at half-past eleven in the forenoon. In

Ooncepcion each house or row of houses stood by

itself, a heap or line of ruins ; but in Talcahuano,

owing to the great wave, little more than one layer

of bricks, tiles and timber, with here and there a

part of a wall left standing, could be distin-

guished. The first shock was very sudden.

The Major-domo of Quu-iquina told me that the

first notice he received of it was finding both the

horse he rode and himself rolling on the ground,

and on rising up he was again thrown down. In-

numerable small tremblings followed the great

earthquake, and within twelve days no less than

300 were counted. In the town of Ooncepcion,

which was built with all the streets running at

right angles to each other, the ruin was caused by

a shock or vibration coming from the south-west.

This upset ail the houses placed north-west and

south-east, and fissures opened in the ground along

the dii'ection of the houses. Some buildings, such

as the Oathedral, stood in part, and were often

found twisted; but the rest were thrown down and

the stones rolled away."

Three hundred and sixty miles to the north-east

the island of Juan Fernandez was violently shaken,

so that the trees beat against each other, and a

volcano burst forth into activity close to the shore.

Moreover, Ohiloe, about 340 miles southward of

Ooncepcion, was shaken, and two existing volcanoes

in the Andes close by, burst forth. Vast, indeed,

was the land surface shaken, and a corresponding

earthquake seems to have occurred beneath the sea.

The wave already alluded to was its result. For
shortly after the shock at Ooncepcion, a great wave
was seen from the distance of three or four miles

approaching with a smooth outline in the middle of

the bay
;
along shore it tore up trees and houses

as it swept onwards with irresistible force. At
the head of the bay it broke into a perfect line of

white foaming breakers, which rushed up to a
height of twenty-three feet above the highest spring

tides. Their force moved a gun with its car-

riage, weighing four tons, more than fifteen feet.

In one part of the bay a ship was pitched high

and dry on shore, and was carried off", again driven

on, and again carried off. The great wave ti'aveiled

slowly. Terrible as was the loss of life, and vast

as was the loss of property, the permanent effects

of this eai'thquake on the surface of the earth were

indeed remarkable. The land round the bay was
upraised two or three feet, and about thirty miles

ofi" the elevation was greater, and the inhabitants

got shell-fish ofi" the rocks which they had to dive

for jjreviously. Finally, the space of the earth

along which volcanic matter was cast forth that

day was 720 miles in one line and 400 in another

line, at right angles to the first. This catastrojilie

was a grand repetition of one which occui-red in the

same locality eighty-four years before (1751). The

ancient town of Penco was then totally destroyed by

an earthquake, and the sea rolled in over it. The
ancient port was rendered useless, and the inhabi-

tants built another town about ten miles from the

sea-coast, in order to be beyond the reach of similar

inundations. This was Ooncej^cion. The west

coast of South America ajjpears, indeed, to be the

land of earthquakes and of the accompanying sea

wave. Thus Lyell records that in 1746 Peru was
visited, on October 28th, by a tremendous earth-

quake. In the first twenty-four hours 200 shocks

were experienced. The ocean twice retired and

returned impetuously upon the land ; Lima was
destroyed, and part of the coast near Callao was
converted into a bay. There were twenty-three

ships, gi'eat and small, in the harbour of Oallao, of

which nineteen were sunk, and the other four,

among which was a frigate called San Firmin, were

carried by the force of the waves to a gi'eat distance

up the country, and left on dry ground at a con-

siderable height above the sea. The number of

inhabitants in this city amounted to 4,000, and

only 200 escaped, twenty-two of whom were saved

on a small fragment of the fort of Vera Oruz, which

remained as the only memorial of the town. Other

portions of its site were comj^letely covered with

heaps of sand and gravel.

Earthquakes are common on the other side of

this region, and occasionally a0"eet the West Indian

Islands severely. An old yet well-recorded instance

is that of the earthquake of Jamaica, in 1692. The

groimd swelled and heaved like a rolling sea, and

was traversed by numerous cracks, 200 or 300 of

which were seen at a time, opening and then

closing rapidly agam. Many people were swallowed
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up in these rents ; some the earth caught by the

middle and squeezed to death ; the heads only of

others appeared above ground ; and some were en-

gulfed and then cast forth again with great quanti-

ties of water. Such was the devastation that even

in Port Royal, then the capital, where more houses

are said to have been left standing than in the

whole island besides, three-quarters of the build-

ings, together with the ground they stood on, sank

through which it bi'oke. The breadth of one of the

streets is said to have been doubled by the earth-

quake. Lyell states that he was informed by the

late Admiral Sir C. Hamilton that he frequently

saw the submerged houses of Port Royal in the

year 1780, in that part of the harbour which lies

between the town and the usual anchorage for men-

of-war ; and that Lieutenant JeflPery, R.N., saw the

remains of houses in four or eight fathoms in clear

rig. 3.

—

Cathedral of Tito, as Shattered by the Earthquake of 1857. (After RoleH Mallet.)

down, with their inhabitants, entirely under water.

The large stone houses on the harbour side sub-

sided so as to be from twenty-four to forty-eight

feet under water
;
yet many of them appear to have

remained standing, for it is stated that after the

earthquake the mast-heads of several ships wrecked

in the harbour, together with the chimney-tops of

houses, were seen just projecting above the waves.

A tract of land round the town, about 1,000 acres

in extent, sank down in less than one minute

during the first shock, and the sea immediately

rushed in. The Swan frigate, which was repairing

in the wharf, was driven over the tops of many
buildings and thrown upon one of the I'oofs,

water. Out of the town the ruin was vast. Some

plantations sank, and were covered in after years

by a lake of fresh water ; several tenements were

buried in landslips ; and one plantation was removed

lialf a mile, by a slide, from its place—growing

crops and all. Between Spanish Town and " Six-

teen-Mile "Walk " the high and perpendicular cliffs

bounding the river fell in, stopped the passage of

the river, and flooded the latter place. Tlie Blue

Mountains were much shattered, fissured, and their

soil set loose in landslips.

A friend of the wi'iter of this notice was residing

on a small island near the principal town of Mar-

tinique, in a house built mainly of wood. Early
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one morning, whilst dressing, he felt a slight shock

of an earthquake, and, taking up his watch, he and

the rest of the family ran out into the grounds.

Immediately afterwards a second shock was felt,

and he looked at his watch, and on raising his eyes

saw the building collapsing as if it had been made

of cards, and also a great dust over the town in

the distance. In three seconds all was quiet under-

ground, but parts of the house kept falling. An
hour or two afterwards,

when the dust and smoke

were carried off by the

wind, the town on the

island opposite was seen

to be a mere wreck. On
landing there as soon as

was possible, and on in-

quiring of the people the

nature of the shock, it

was generally stated that

it lasted at least twenty

minutes—so great, under

the influence of terror

and danger, was the dis-

crepancy.

The late Mr. David

Forbes was x'esiding at

Mendoza, a town on the

flanks of the Andes, close

to the great plains run-

ning for many miles to

the east—a quiet, lazy

town where life passed

easily and where men's

wants were not very

great, was this very

enjoyable city. Forbes

rode out one day with

some friends, and when
some miles f-om the town tney saw a long line of

dust, and then a rolling motion of the ground
threw them down, horses and all. They had been
accustomed to earthquakes in other parts of the

district, and knew that something terrible must
have happened at Mendoza. Galloping there, they

found the city destroyed, some thousands of its

inhabitants killed, and for days they worked at

extricating the wounded. The city on the hill-side

had felt the shock from the plain, and this moved,
but the mountain stood still or suffered compara-
tively little movement ; the push of earth against

the unyielding hills threw down nearly every house.

The years 1811 and 1812 were terrible foi their

Fig. 4.

—

View near the North End of the Gorge, Bella.

(After Robert Mallet. )

earthquakes, and in the first of them the ground of

South Carolina and the Valley of the Mississipj^i,

from New Madrid to the mouth of the Ohio in one

direction, and to the St. Francis in another, was

convulsed in such a degree as to produce new lakes

and islands. Old lakes were drained, water was

forced out of the ground, and the trees were bent

down and got their bi'anches interlocked with

others as they were restored to their position.

Lyell visited the scene

years afterwards, and

noticed the lakes, the

rents in the soil, and the

great fissures, and was

struck with the grand

vegetation of cotton trees

on the district once

occupied by a jiiece of

water. These results

were the product of a suc-

cession of shocks, which

occurred during several

successive months, and

theyseem to have stoj^ped

in 1812, after a most

destructive earthquake

took place far south, at

Caraccas. The whole of

that city and its splendid

churches were in an in-

stant a ruin, and 10,000

people perished. A few

days afterwards great

rocks were detached from

a neighbouring moun-

tain, and Humboldt

states that the hills,

consisting of hard, solid

rocks, sliook more than

the plains. Subsequently a volcano burst forth far

away in St. Vincent.

Even so late as 1879, earthquakes of great

violence shook the highly volcanic district of San

Salvador. More than 600 shocks were felt during

the last ten days of the year, and were lieaviest

near the lake Ilopany. On the last day of the

year a shock came that broke the telegra]>li wires,

and made the ground on which the observer stood

a ])erfect network of cracks. It opened great

springs, increased the water sujiply of the rivulets

to ten times its former amount, and muddied the

waters of the lake. In many places thousands of

tons weight of earth were rolled down the hills or
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slipped into valleys. The end of all this disturbance

was the sudden appearance of a volcanic cone in

the lake.

That part of Southern Italy which is called

Calabria Ultra, and also part of Sicily, a district

situated between the volcanoes of Vesuvius near

Naples and Etna in Sicily respectively, suffered

from a great earthquake in 1783, and a second in

1857 (Figs. 2—4). A careful examination of the last

terrible visitation enabled Mr. R. Mallet to form

a theory and exjjlanation of the shock, to which

allusion will be made in a future page when discuss-

ing " Seismology," or the nature of earthquakes.

It, moreover, together with the examination of

the history of the former catastrophe, enabled the

results of the earthquakes to be noticed, and their

peculiarities emploj^ed in reasoning upon some of

the great geological changes which have occurred

in the earth. The greater part of the towns of

Calabria were built on isolated hills for the sake

of security and defence, during the Middle Ages.

The sides of the liills were often precipitous on

three of the sides. The district began to suffer

shocks in the February of 1783, and Pignatoro, a

physician who resided at Monteleone, a town

placed in the very heart of the disturbed locality,

kept a register of the tremblings, distinguishing

them into four classes, according to their degree of

violence. There were 949 in that year, of which

501 were great, and in the following year there

were 151, of which 98 were of the first magnitude.

They lasted until the end of 1786.

The greatest amount of damage was done at

Oppido, and in a radius of twenty-two miles

around that town. The first shock, on February

5, 1783, threw down in two minutes the greater

part of the houses in all the cities, towns, and

villages from the western flanks of the Apennines

in Calabria Ultra, between the thirty-eighth and

thirty-ninth parallel of latitude, to Messina, in Sicily,

and convulsed the whole surface of the country.

The shock was felt with less severity over the

greater part of Sicily, and as far north as Najoles.

Thus the extent of the catastrophe was not nearly

as great as that of many of the South American

earthquakes, but it happened in a highly civilised

country, and at a time when men like Sir William

Hamilton and Dolomieu were at hand to inves-

tigate the results, and during that ferment

oi scientific thought which distinguished the

last years of the last century. Hearsay and

traditions were therefore not included in the

history of the earthquake, but careful and trained

observers noted and delineated the phenomena.

The loss of life was not less than that of 40,000

individuals, and at least 20,000 died subse-

quently from the results of injuries, fright, and

exposure. By far the greater number were buried

under the ruins of their houses, and many were

burnt in the conflagrations which followed on the

falling in and destruction of the buildings. Dolo-

mieu, who visited Messina after the shock, de-

scribes the city as still presenting, at least at a

distance, an imperfect image of its ancient splen-

dour. Every house was injured, but the walla

were standing; the whole population had taken

refuge in wooden huts in the neighbourhood, and

all was silence in the streets ; it seemed as if the

city had been desolated by the plague. But he

writes, " When I passed over to Calabria, and first

beheld Polistena, the scene of horror almost de-

prived me of my faculties—my mind was filled

with mingled compassion and terror. Nothing

had escaped—all was levelled with the dust ; not a

single house or piece of wall remained ; and on all

sides were heaps of stone, so destitute of form that

they gave no conception of there ever having been

a town on the spot."

One of the most gigantic results of this earth-

quake was the disconnection of the strata consist-

ing of softer substances from the granite and hard

rock, which they flanked, along the Apennines.

Thus the earth on the granite of the mountains

Caulone, Esope, Sagra, and Aspromonte slid over

the solid and steeply inclined hard rock and de-

scended bodily into the plains lower down, leaving

almost uninterruptedly from St. George to beyond

St. Christina, a distance of from nine to ten miles,

a chasm between the soft and hard rock. The

formation of longitudinal valleys in relation to

mountain chains may therefore be the result of

earthquake in the first instance. A whiiiing

movement was exerted in some places, and the

upper stones of obelisks and pillars were displaced,

the lower retaining their usual position, and the

displacement was that of turning round more or

less. Masses of earth wei'e cast upwards, and the

pavement stones of some towns were fomid lying

with their lowest sides upwards, whilst there were

well-authenticated instances of the upward casting

to the height of some feet of loosely lying struc-

tures. The rending and Assuring of the ground at

Messina were remarkable, and the formerly level

shore was slanted or inclined towards the sea, and

the water was found to be deeper ;
moreover, the

quay sank down fom'teen inches below sea level.
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and the bouses close by were much fissured. In the

territory of Soriano faulting of strata occurred, and

one part became some ten feet lower than the rest

(Fig. 4). On the other hand, in the town of Terra-

nuova some houses were seen uplifted above the

common level, and in some streets the soil appeared

thrust up and abutted against the walls, and a

circular tower of solid masonry had pai-t of its

foundations heaved out of the ground.

Men and cattle were engulplied in the fissures

which opened as the shock proceeded, and at

Ferocarne the Assuring could be compared to the

cracks in a starred and half broken pane of glass

in their number and direction. Deep abysses

occurred, and at Cannamaria four fai'mhouses,

several oil stores, and some dwelliugs were so

completely lost in a chasm that no vestiges have

ever appeared. Some of these cracks and rendings

led to subterranean cavities which had existed

before. Some plains were covered with circular

hollows, for the most part about the size of car-

riage wheels, and when they £jt filled with water

they resembled shallow wells. Usually they were

funnel-shaped, and the tube part went into the

earth for a greater or less distance. On the other

hand, cones of sand were thrown up with water,

and especially on marshy land. The landslips

crossed many a river and blocked it up, causing a

lake to form in the valley, and the government

reporters gave 218 lakes as having this origin.

Along the coast of the Straits of Messiua, near

the celebrated rock of Scylla, the fall of huge

masses from the cliffs overwhelmed villas and

gardens, and the Mount Jaci was so shaken that

a great mass of it rolled down. Immediately

afterwards the sea, rising more than twenty feet

above the level of the district, swept away men,

cattle, and boats, destroying the Prince of Scylla

and 1,430 of his people. A violent earthquake oc-

curred in Cutch, in the delta of the Indus, on January

16, 1819, and the movement was felt over a radiuj

of 1,000 miles to the north-east, east, and south,

east. Deepening of the estuary and sinking of the

fort and village of Sindree, and tlie iiirush of the

sea covering 2,000 square miles, were the principal

results ; but an extent of country fifty miles long

and sixteen broad was permanently elevated ten feet.

It will have been noticed duiing the study of

these descriptions of earthquakes, that both land

and sea are afiected, and it is equally true that

meteoric phenomena are also frequently obsei'ved.

The movement progresses from a certain spot, and

is more intense in some places than in others, and

acts difierently on certain places on the plain, hill,

and coast. The repetition of shocks, of greater

or less severity, week after week is to be

noticed, and also their extension over gi-eat

spaces ; their relation to other and distant earth-

quakes and to the outburst of volcanoes must

have been noticed. The earthquake often pre-

cedes the volcanic eruption, and these last have

been called safety-valves, but really they are both

part of a grand phenomenon. The results of the

shock—a movement from within at a greater or

less angle to the surface—must impress everybody

with the grandeur of the occurrence. The up-

heaval and subsidence of land, the fissuring of the

earth, the slipping of land, and the fall of rocks are

most important in their relation to permanent

changes in the aspect of nature. The great waves

of the sea produced by upheaval or subsidence of

parts of the coast line, or even of the deep sea floor,

are terrible. The inrush and reflux wear the land

and do more in the way of change in a few minutes

than can be performed during centuries of ordinary

wear and tear. Often distant countries like New
Zealand learn of South American earthquakes

by the sudden arrival of waves which have crosse(

the thousands of miles of the Pacific hour aftei

hour in their destructive voyage.

SATUEN.
By W. F. Denning, F.R.A.S.

FROM whatever view the planet Saturn is con-

sidered, it must be granted that he forms, with

his rings and satellites, a most remarkable and
magnificent object. Scarcely inferior to Jupiter in

magnitude, and vastly exceeding the combined bulk

of Mercury, Yenus, the Earth, and Mars, he merits

attention on account of his gi'eat dimensions, apart

from the fact that he is surrounded by no less than

eight satellites, and that his equator is girded by a

series of luminous rings, offering phenomena unique

in the solar system (Fig. 1 ). He cannot be regarded

as a very conspicuous object in the firmament, for
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his brilliancy always falls much below the lustre of

Venus, Jupiter, or Mars. At the best he shines

with a dull, ruddy light, scarcely brighter than a

first-magnitude star, and there is nothing about the

ordinary aspect of the planet to indicate the

splendour and extent of detail which is revealed in

a powerful telescope. Situated far outside the orbit

of Jupiter, at a vast distance from the sun, we
cannot wonder that to the unaided eye his visible

appearance is by no means exceptional. His huge

diameter at mean distance is seventeen seconds of

arc. The polar compression, though moi-e consider-

able than that of any other planet, is less noticeable

than that of Jupiter, on account of the ring, which

modifies the eflfect. It amounts approximately to

one-tenth of the planet's greater axis.

The rings of Saturn are said to have been first

distinctly seen by Huyghens, in 1659, or about

half a century subsequently to the invention of

telescopes. Galileo had some years previously been

Fig. 1.—Saturn and his Eings.

proportions are apparently moderated by great dis-

tance, while his ringed sphere and numerous

retinue of moons are hopelessly beyond the reach

of mortal ken, so that before the invention of the

telescope their existence was utterly unknown. It

is only by the application of efficient instruments

that his wonderful system becomes displayed to our

view, and we can readily understand the difficulty

of their early discovery by the imperfect and un-

wieldy glasses used by the old astronomers.

Satui'n is situated at a mean distance of about

872,000,000 miles from the sun, and completes a

revolution in slightly less than twenty-nine and a

half years. His real equatorial diameter has been

computed at nearly 72,000 miles ; his apparent

engaged in observing Saturn, but his instruments

seem to have failed in exhibiting the planet in its

true aspect. He saw it under an oval foi-m, and

interpreted the picture as that of a large planet

with a .smaller one on each side. His telescope,

while thus obviously allowing a glimpse of the

ring, was of inadequate power to display its real

nature, and Galileo announced to his eminent con-

temporary, Kepler, that he had " observed the

most distant planet to be threefold." But the

discovery puzzled its author exceedingly, for,

making additional observations, he found that the

two smaller bodies pex-ceptibly decreased in size,

imtil finally he could not distinguish them at all

!

He was confounded at this, and began almost to
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doubt the evidence of his glasses
;
yet he had seen,

over and over again, and with the most careful

adjustment and focussing of the lenses, the same

appearances hanging on the planet's side. He
quite failed to account for so startling a phe-

nomenon, and in a letter written in 1612 he thus

expressed himself :
—" What is to be said concern-

ing so strange a metamorphosis 1 Are the two

lesser stars consumed after the manner of the solar

spots'? Have they vanished, or suddenly fled?

Has Saturn, perhaps, devoured his own children'?

Or were the appearances, indeed, illusion and fraud,

with which the glasses have so long deceived me 1

"

No satisfactory answei'S were forthcoming, but

shortly afterwards the planet again exhibited the

strange objects which had so perplexed Galileo.

The fact of their existence Avas thus proved, though

the explanation of their real character, and the

cause of their occasional disappearance was not

known until many years afterwards, when, great

improvements having been made in the constnic-

tion of telescopes, the exploration of the heavens

was more successfully attemj^ted. In 1 659, Christian

Huyghens saw the "slender, flat ring" surrounding

the planet, and predicted its apparent disapiDearance

in 1671, which really occurred, for the ring being

presented edgeways to the earth, it became invisible.

What had been so intricate a problem to Galileo

was now explained. A bright ring encompassed

Saturn, extending a considerable distance from the

body of the planet, and giving the appearance of

ansse, or handles (Fig. 2). This ring, being of extreme

Fig. 2.—Telescopic View of Saturn's Eing, near Disappearance,
June 26, 1848. (Schmidt.)

thinness, was wholly lost to view when its edge

alone became illuminated. This happened at inter-

vals of about fifteen years, when the plane of the

ring is du-ected to the sun at the Saturnian equi-

noxes (as in 1848, 1862, and 1877).
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Closely preceding and following the disappearance

of the ring, it presents the aspect of a broken thread

of light extending from the sides of the planet.

This has been held to demonstrate great inequali-

ties, in the form of mountainous projections, from

the surface of the ring, but it has been more

satisfactorily accounted for by supposing it due to

the concurrent effect of reflected light from the

external and internal edges of the rings. Bond, in

1848, when the rings were near disappeai-ance,

made a series of micrometric measures, which fully

accorded with this explanation of the beaded fonn

of the ring. The narrow, luminous vein to which

it is reduced when lying edgeways to the earth,

is far from being equally distinct on both sides.

Sometimes only one of the ansse is visible, and

occasionally, when both are evident, a difference in

their comparative lengths has been detected.

It was not long after the detection of the ring of

Saturn that it was suspected to be double. A
dark line, apparently dividing it, was observed by

two English observers, named Ball, on October

13th, 1665, who used a "good telescope near

thirty-eight feet long, and a double eye-glass."

The observation induced the theory that the planet

was surrounded by hvo circular rings, and the fact

was fully confirmed by Cassini, ten years latei",

using refracting telescopes of thiity-five and twenty

feet focus. The latter instrument had an ajierture

of nearly two-and -a -half inches, and power of

ninety. Cassini recorded his observations in the

" Philosophical Transactions" for 1676 as follows :

"In the bright part of each ansa was a

darkish ellipsis, nearer to the outside than

to the inside of the ring, as if it was com-

posed of two rings near to one another."

Cassini was evidently unaware that the

double ring had been seen ten years before,

and the mistake has often arisen of accord-

ing the honour of its first discovery to

Cassini, tliough Dr. Kitchiner, in his work
on "Telescopes" (1825), distinctly quotes

tlie priority of Mr. Wm. and Dr. Ball; and

there is little fear that in future years the

peculiai-ity of which they obtained the fii-st

view, and gave the first intimation, will be

exclusively theirs, seeing that it has received

the appellation of " Ball's division in the

ring," which at once distinguishes it from the other

minor divisions detected in more recent times.

Encke, in 1838, concluded that he saw a division

in the outer ring, and in 1843 Lassell and Dawes
distinctly observed a dark line on tlie outer ring,
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near the extremities of the ellipse, and estimated

its breadth as one-third of that of the principal

division in the ring. But one of the most astonish-

ing discoveries in connection w^ith the rings was

made in 1838 by Dr. Galle, of the Berlin Observa-

tory, who noticed an appearance within the rings,

which, though imperfectly reflective, was traceable

around the planet. It appeared under the form of

a shading, extending from the inner ring towards

the globe of the planet, "as if the solid matter of

the ring were continued beyond its illuminated

sui-face;" in fact, it gave the impression of an

obscure ring situated within the other more highly

reflective ones. But though Dr. Galle had thus

obtained the earliest view of this remarkable

appendage, it remained for others to more

in the results, we give three series of measures* in

the following table :

—

Struve.

Fig. 3.— Perpenclicular View of Saturn's Rings, a and B.

thoroughly trace its character. In 1850 and 1851,

the attention of astronomers was more fully directed

to the subject, and the existence of this dark

interior ring was not only finally established, but

it was proved to be nearly transparent, for the body

of the planet could be distinctly seen through it.

This delicate observation requires a good instru-

ment, and acute vision practised in similar work,

without which an observer can hardly hope for

success.

For convenience of reference, the three principal

rings of Saturn have been designated by the letters

A, B, and c. A is the exterior bright ring, B the

interior bright ring (Fig. 3), and c the dusky crape

ring. The dimensions of the two bright rings have

been determined by several observers, whose results

agree with fair precision. As showing the difierences

De la
Eue.

39-83

35-33

2- 25

33-45

26-91

3-27

0-94

4- 62

17-66

Jacob.

39-99

35-82

2-08

34-85

26-27

4-29

0-48

4'16

17-94

Outer diameter of exterior ring 40-09

Inner diameter of exterior ring 35-29

Breadth 2-40

Outer diameter of interior ring 34-47

Inner diameter of interior ring 26-67

Breadth 3-90

Interval separating them ... 0-41

Distance of ring from ball ... 4-34

Equatorial diameter of Saturn... 17-60

Expressed in miles, the figures, according to Struve,

are :

—

Outer diameter of exterior ring ... 169,526 mUes.
Inner diameter of exterior ring ... 149,204 „
Breadth 10,160

Outer diameter of interior ring ... 145,762 ,,

Inner diameter of interior i-ing ... 112,758 „
Breadth 16,503 „
Interval separating them 1,721 „
Distance of ring from hall 18,346 „
Equatorial diameter of Saturn ... 76,070 „

At the mean distance of Saturn, the linear value of

a second of arc is 4,228 miles.

While the phenomena of the rings have been
undergoing scrutiny, astronomers have sometimes

noticed upon the sphere of Saturn one or more
dusky bands lying parallel with the rings, and
reminding one of the belts of Jupiter, though they

are considerably fainter. They were first described

by Cassini, who, while observing the division in

the ring before referred to, saw on the planet's

north side " a zone not far from the centre of the

ring, and not much unlike the smallest of Jupiter's

belts." But these appearances, though often ob-

served, have not received critical attention
;
indeed,

they have, in a measure, been lost sight of while

the elaborate and attractive scenery of the rings

has been under examination. The faint belts of

Saturn deserve more notice than has been hitherto

accorded them, for they are not only one of the

most conspicuous details brought out by the

telescope, but it is necessary that their appearances

should be fully recorded, because they must exer-

cise an important bearing upon questions relating

to the physical condition of the planet. Whenever
the belts are seen, their number, positions, and

degree of distinctness should be severally noted,

for if such observations became more general we
might soon obtain evidence as to their persistent

or evanescent character. It is certain, from the

scattered descriptions we already possess, that these

* "Monthly Notices of the Royal Astronomical Society,"

Vol. XVI.
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belts are a usual feature of the globe, lying parallel

with the 2)lanet's equator ; hence we may conclude

that, from the analogy presented by the disc of

Jupiter, they owe their origin to similar surface

jihenomena as that which is more abimdantly and

distinctly exhibited upon the Jovian planet.

Sir William Herschel foimd from observations in

1794 that this planet performed its axial rotation in

lOh. 16m., 0-4sec., and this appears to have been

the only value of the kind until, in December,

1876, Professor Hall, at Washington, detected a

bright spot upon the ball of Saturn, which, by its

successive returns, enabled him to fix the period

at lOh. 14m. 2 3 '8 sec, with a probable error of

2 3 sec, and without allowing for any proper

motion or drift of the spot above the surface of the

planet, for this luminous marking may have been

purely atmospheric, and liable to movements inde-

pendent of that given by the planet's rotation.

But, were the spot a fixture on the surface, that is

to say, a permanent feature of his physical com-

position, then its period must give a true value of

the rotation of Saturn. It is this uncertainty as

to the nature of planetary markings which renders

it so difficult to fix with absolute reliance the times

of rotation, though this hardly applies to the case

of Mars, whose markings exhibit a degree of con-

stancy, proving them to be the distant evidences

of his material structure.

The moons of Jupiter were all discovered simul-

taneously by Galileo, in January, 1610, but the

discovery of the eight satellites of Saturn ranged

over a period of nearly 200 years. In the former

case the objects were bright, and at once revealed

in a small glass, whereas the Saturnian moons
display a great difierence in apparent brightness, so

that while Titan, the largest, may be reached with

an inferior telescope, the fainter one, Hyperion, can

be glimpsed only with the aid of a lai'ge instrument,

and under favourable conditions of the atmosphere.

The discovery of the moons, arranged in chrono-

logical order, was as follows :

—

No. Name. Date of Discovery. Discoverer.

1

2

3

4

5

6

7

8

Titan
lapetus
Ehea
Dione
Tethys

Enceladus
Mimas

Hyperion

1655, March
1671, October
1672, December
1684, March
1684, March
1789, August
1789, September
1848, September

C. Huyghens
J. D. Cassini

J. D. Cassini

J. D. Cassini

J. D. Cassini

W. Herschel
W. Herschel

Lassell and Bond

The periods and distances of the satellites have

been ascertained as under :—

•

Number and
Order

of

Discovery.

Periods. Distances.

D.

In
H. M. S.

In Days
of

Saturn.

Badii
of

Satui'u.
Miles.

1 Mimas ... 7 0 22 37 23 2-16 3-36 120,800

2 Encoliiclus 6 1 8 53 7 3-14 4-:n 155,025

3 Tethys ... 5 1 21 18 26 4-32 5-34 191,948
4 Dione . .

.

4 2 17 41 9 6-26 6-84 245,876
5 Ehea 3 4 12 25 11 10-34 9-55 343,414

6 Titan ... 1 15 22 41 25 36-49 22-15 796,157

7 Hyperion 8 21 7 7 41 48-73 26-78 963,300

8 lapetus ... 2 79 7 53 40 181-53 64^-36 2,313,835

The singular fact has been sometimes mentioned

that the first (Mimas) revolves in half the period

of the third (Tethys), and the second (Enceladus)

in half that of the fourth (Dione). But it does not

appear to have been noticed that the fifth (Rhea)

revolves in about one-fifth the time of the seventh

(Hyperion), and the sixth (Titan) in one-fifth the time

of the eighth (lapetus). The satellites of Jupiter

Fig. 4.—Orbits of the Seven Inner Satellites of Saturn.

also exhibit a degree of regularity in the periods

of revolution. The first occupies half the time of

the second, and the second half the time of the

third.

The Saturnian satellites revolve in orbits (Fig. 4),

coinciding with the plane of the ring, which is

incliiied about twenty-eight degrees to the ecliptic.

But in the case of lapetus there is a slight devia-

tion, the inclination being about eighteen-and-a-half

degrees. The satellite-orbits being thus inclined,

have the efiect of scattering the moons around their
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primary in a variety of different configurations, so

that there is considerable difficulty distinguishing

them from small stars. The Jovian satellites are

at once recognised in a row on the sides of the

planet, but the moons of Saturn are spread aroimd

him indiscriminately, except at the time when the

plane of the ring is directed towards the earth, in

which case the satellites will conform to the line

of the ring, and they will be perceptible, like those

of Jupiter, on his east and west sides. There is

another difficulty attending the observation of these

minute objects, and that is their proximity, in

several instances, to the ring of the planet. This

particularly refers to Mimas and Enceladus, which,

even at their extreme elongations, never depart far

from the outskirts of the ring. When they were

first detected by Sir William Herschel, " they were

seen to thread like beads the almost infinite thin

fibre of light to which the ring, then seen edgeways,

was reduced, and for a short time to advance off it

at either end, speedily to return, and hastening to

their habitual concealment behind the body of the

planet." Speaking of the seventh satellite (Mimas),

its discoverer said:—" Even in my forty-feet re-

flector it appears no bigger than a very small lucid

point."

The credit of discovering no less than four of

the Saturnian satellites is due to Cassini, though

the instruments of his time were of the most in-

ferior and awkward character. The two satellites

detected in 1684 were first seen with two object-

glasses of 100 and 136 feet focal length, and after-

wards by two others of 90 and 70 feet, made by

Campani, at Rome. They were used without

tubes. Subsequently, the satellites were seen with

a telescope of thirty-four feet and three and three-

tenths aperture, and their periods calculated, so

that they could be more readily identified after-

wards. That Cassini, with his imperfect and cum-

bersome appliances, should have not only discovered

these satellites, but also determined theii- orbits, is

a sufiicient proof of his skill as an observer, and

shows that instrumental defects are in a gi'eat

measure to be overcome by the zealous student of

science.

The real dimensions of the satellites have not

been ascertained with any trustworthy precision

—

obviously there are gi-eat difficulties in the way of

deriving a correct estimate, for in the largest tele-

scopes these bodies appear as extremely minute

points of light utterly incapable of measurement.

Titan, the largest, is probably superior to the moon
in point of size, and his actual diameter has been

computed at 3,300 miles, while that of lapetus has

been given at 1,800 miles. The others are con-

siderably smaller, but the conditions of the case are,

as we have said, opposed to the determination of

the real magnitudes.

The satellites are liable to the same series of

phenomena as those which attend the revolution

of the Jovian satellites, being occasionally eclipsed

or occulted by the body of the planet, and observers

have sometimes noted the transit of the largest

satellite. Titan, or its shadow, across the globe of

Saturn. This occux'red on several dates towards

the close of 1877^ but the varied configurations of

the Saturnian moons, and the phenomena to which

their motions give rise, are yet incomparable with

what is presented by the Jovian system, which is

discernible with greater facility and frequency.

Among the phenomena attending the revolution

of Saturn, may be mentioned his occasional occul-

tation by the moon. They are comparatively in-

frequent, however, and it is i-arely that the weather

allows a favourable observation. There were three

visible occultations of Saturn in 1870, namely, on

April 19, July 10, and September 30. The latter

occurred soon after sunset, and was witnessed by

the writer. The planet and moon were watched

as they gradually approached each other, imtil,

finally, the edge of Saturn's ring apparently touched

the lunar disc, and both ring and globe soon dis-

appeared from view, and remained invisible until

nearly an hour and a quarter afterwards, when
the reappearance of the planet was observed. The

dull hue of Saturn contrasted strongly with the

bright, clear light of the moon, but owing to the

prevalence of mist, and the low altitude of our

satellite, the phenomenon was not seen under the

most auspicious aspect.

The rings of Saturn have naturally incited much
speculation as to their physical character, and as to

the purposes they were designed to serve in the

economy of his system. No such appendage has

been detected in connection with any other planet,

and astronomers have been puzzled to account for

a spectacle so unique and mysterious. The breadth

of the double ring, including the opening between

them, has been computed at more than 28,000

miles, but the width is extremely small, so that the

most careful measurements have failed to give any

satisfactory results, for when the plane of the ring

is directed to the earth it becomes utterly invisible

from its extreme thinness, and the most powerful

glasses cannot reveal the narrow thi'ead of light to

which it is then reduced. Obviously, therefore, the
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rings are not comparable in point of bulk with the

globe of the planet,* for though their breadth is con-

siderable, they are of such niai-vellously small width

that theii" thickness cannot exceed about 250 miles.

That they are divided (and perhaps sub-divided) by

open intervals of space is proved conclusively by

the fact that stars have been seen through the chief

division. "Were the dark lines traceable upon the

ring merely atmospheric phenomena similar to the

dusky bands upon the planet, they would be seen

under a different aspect. The permanent character

and intense darkness of the chief division of the

ling are sufficient to prove its I'eal nature, and the

fact has been long since admitted that there are, at

least, two concentric rings, wholly detached, though

of unequal breadth.

Sir W. Herschel computed that the bright ring

performed a rotation in 10 h. 32 m. 15 sec, and it may
be noted as a curious coincidence that Laplace had

previously assumed a rotation in 10 h. 33 m. 36 sec.

on theoretical grounds. But in 1854-6, Secclii, at

Rome, obtained a result differing materially from

Herschel's value. He gave 14 h. 23 m. 18 sec. as the

period according best with his numerous measures.

The question therefore remains in considerable

doubt, for the great difference between the two

values referred to seems inexplicable. It is pro-

bable, in the event of thei-e being several wholly

detached concentric rings, that the times of rota-

tion may differ in the same ratio as satellites, so

that the periodic time of the inner ring may be

considerably shoi-ter than that of the outer one.

It therefore becomes necessary in an investigation

of this kind to consider in what part of the ring

the projections or peculiarities, from whence the

rotation is deduced, were observed. In the case of

a series of disconnected rings, each one may give a

different rotation, according to its distance from

the ball ; but if the ring is solid and coherent in all

its parts, then the period of rotation would probably

be coincident with that of a satellite situated in

the middle of the broad plane of the ring.

The constitution of the rings offers a theme for

the iiidulgent exercise of speculative minds. That

so remarkable and unique a phenomenon should

preserve its stability, notwithstanding a rapid

motion and the numerous disturbing forces to which

it is constantly subject, is surprising enough, though

when we consider the many wonders unfolded by

the telescope we need not feel astounded that

the complex mechanism of the Saturnian system

* Bessell computed the mass of the rings at l-118th that of

the globe.

sliould preserve an hai-monious co-operation in ail

its parts. Seeing that the fii-st indications of

the ring were discovered not more than 270

years ago, we cannot say that this wonderful

combination has maintained the same form and

Fig. 5.—Eelative Apparent Diameter of the Sun as seen from
Saturn (S) and the Earth (E).

appearances through countless ages, and from the

time when Saturn himself was ffrst recognised as

" a wandering star." Since the telescope has been

applied so assiduously to celestial observations,

no apparent changes of a physical character have

been noticed, and the inference is that the present

visible condition of Saturn offers no material con-

trast to his condition in remote antiquity. There

the planet was, as now, circling amid his rings and

satellites, though with unpretending lustre he gave

no sign to natural vision of the gorgeous spectacle

to be revealed by the telescope in modern times.

That the rings of Saturn are of the same

material composition as the body of the planet is

generally negatived on theoretical grounds. The

American astronomer, Peirce, advanced the hypo-

thesis that they " consist of streams of a fluid

rather denser than water flowing around the

primary." But Mr. Proctor rejects the supposition

that they are continuous fluid rings, and concludes

with Cassini that they are formed of a vast array

of satellites, situated so closely together, and in

such numbers, that at the immense distance of

Saturn they appear to form a contmuous mass.

There are multitudinous zones of meteorites revolv-

ing around the sun, and the numerous discoveries

of minor planets of late years show there is a

thickly strewn zone of minor planets between the

orbits of Mars and Jupiter, and these facts might

be held to strengthen the satellite theory of

Saturn's rings.

But it must be obvious that, if this is the real
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explanation of the rings, the satellites composing it

are of extremely diminutive size, and infinitely

smaller than the ordinary eight satelKtes of the

planet, or the four satellites of Jupiter. Bond

estimated the thickness of the rings as about 40

miles, and Sir John Herschel, in 1833, thought it

could not exceed 100 miles, so that the best com-

jiarison we can ofier is the miniature moons of

Mars. A vast numljer of such bodies circulating

in jjrecisely the same plane, and in streams more

or less disconnected, might give rise to the phe-

nomena of the rings, but to our mind it conveys

the impression of a solid structvire lying (both

in position and character) between the planet's

sphere on the one hand, and the satellite or-

ganisation on the other. That it partakes largely

of what is exemplified in the latter class of

bodies, is certain from what has already been

gathered of its physical peculiarities. It is greatly

extended in the plane of the planet's equator, and

revolves around him in the same theoretical period

as that of a satellite placed at a similar distance.

Moreover, it is disconnected into several concentric

rings, each probably having a periodic time in pro-

portion to the interval separating it from the planet.

Thus, though the ringed appearance of Saturn can-

not undeniably be regarded as formed of numbers of

detached spherical satellites, it is evidently subser-

vient to the same laws, and occupies a subordinate

or satellitic position in the Saturnian system.

If the composition of the ring is of solid character,

its equilibrium must be maintained, according to

Laplace, by a rotation around the globe, and it

mvist be separated into a number of rings, one

outlying the other, and with different periods.

Should its equilibrium be disturbed, it could not

be restored, for it must be precipitated upon the

ball of the planet, and thereafter foi'm a coherent

part of its substance. The most careful measure-

ments show that the ring is slightly eccentric, the

opening on the western side, between the ball and

the inner edge of the interior ring, being less than

that on the eastern side, and this oscillation of the

centre of the rings about the body of the planet

has been thought essential in controlling theii-

stable equilibrium.

The extraordinary appearance of the rings in

the firmament of Saturn must be of remarkable

grandeur. In the daytime the sun will, it is true,

obliterate its imposing effect, but as the evening

comes in, and its brilliancy intensifies, it will pre-

sent a spectacle which we cannot adequately figure

to ourselves. As viewed from different parts of the

planet, the appearances will be greatly diversified.

Near the equatorial regions the rings will be seen

as a vivid semicircle of light, spanning the sky.

In the vicinity of the poles of the planet only a

minor proportion of the rings will be visible

;

indeed, with every change of position the observer

may trace new scenery, and the general phenomena

of the rings and satellites will be of such frequent

and varied character as to prove attractive in the

highest degi-ee. But to an inhabitant on Saturn

the constant view of these wonders must lead to

indifference, until at last they come to be regarded

not as the wonders which the inhabitants of our

planet consider them, but as the unattractive phe-

nomena of Nature in her every-day aspect.

OLD SEA PENS.

By Chas. Lap worth, F. G.S., etc.,

Madras College, St. Andrews.

THE immense and well-arranged accumulation

of knowledge which naturalists now possess

respecting the structure and inter-relationship of

organised beings, has been collected almost entirely

within the last hundred years. It is true that

several earne,st and successful students of natural

history lived and worked before the middle of

the last century, and that many of our most im-

portant data had been already wrought out by

them. But up to that time naturalists were few

and far between, and their studies, regarded from

our present standpoint, were ill-directed and ineffec-

tual. As yet they had no standard by which to

measure the comparative value of their several

discoveries, nor guiding hand to point the way to

the most productive methods of research. If W6

glance over the wide field of natural history of

those days, we find it covered with a heterogeneous

collection of crude materials and a multitude of dis-

connected facts, practically useless to the general

student from the absence of the further know-

ledge how to make them available. The objects
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embraced in the study of natural history had not

as yet been gi-oiiped in any single comprehensive

arrangement, but to the eye of the average

naturalist each organised creature seemed a friend-

less individual in a confused mob of natural

objects. What was needed was a master-hand that

would point out the true inter-relationship and

mutual subordination of these facts—a Cfesar, as it

were, in the republic of natural science, who would

marshal this confused mob of beings into nations,

into tribes, into hundreds and tens, and show us

how to lead their well-disciplined battalions to the

conqiiest of the entire realm of organised nature.

In all great crises in the history of mankind,

when the time is ripe then comes the man. In

1736 an obscure Swedish physician, named Linnaeus,

published his celebrated " Systema Naturse." At
once^ as if in obedience to " the stroke of a magic

wand," the disorderly crowd of natural history

objects fell into rank and file, and arranged them-

selves into regiments and companies, into families

and genera. Linnaeus found himself famous, and

the future of natural history was assured.

In this notable work Linnaeus reduced the

confused array of materials collected by his prede-

cessors to order and simplicity, and gave a clear

and compi'ehensive view over the entire field of

nature. From the highest to the lowest animals,

and from the most complex flowering plant to the

humblest fungus, all living creatures known to

himself were arranged as closely as was then

l^ossible, in their natural order—each under the

double title invented by Linnaeus himself.

Nor did he stop there ; for in those days

mineralogy was regarded as forming a small branch

of ordinary natural history, and Linnaeus, following

the fashion of his day, included an elaborate ar-

langement of rocks and minerals in his great work.

In the mineralogical division of his subject he not

only arranged all true rocks or minerals as we now
understand them, but "fossils," or the petrified

remains of living creatures, as well.

Now, of " fossils," Linnaeus is careful to tell us

that he recognised two distinct kinds—the " true "

fossils and the " false " fossils. His " true fossils
"

were the " ichthyolites," " phytolites," &c., of the

palaeontologist, which are most distinctly the petri-

fied relics of what once were living creatures. His
" false fossUs," on the contrary, were merely fossils

in appearance, such as the well-known " landscape

stones," " dendrites," and such-like, which the

merest tyro in natural science is well aware have
nothing in common with organic remains beyond

their outward appearance, hwt are mere accidental

markings, interesting only because of their quaint-

ness and curiosity.

But in such a comprehensive work as his

" Systema Naturae "—which, of necessity, included

all natural objects—Linnajus felt that even such

obscure objects as these false fossils claimed a local

habitation and a name. He accordingly dedicated

an entire section of the mineralogical department

of his work to their classification, and gave them

the collective title of Graptolithus—that is to say,

" figured stones," or " picture-fossils."

During the twenty-three years that followed the

publication of the first edition of the " Systema,"

Linnaeus, or the Continental booksellers, impelled

by the universal demand for the book, put forth

edition after edition ; and so rigidly did its author

adhere to his first definition that under the head

Graptolithus every object noticed belonged of right

to the group of false fossils. But in the year 1768

Linnaeus unwittingly swerved from the correct

path, and placed under GrajJtolithus two objects

which we now know to have been true fossils.

One of these is a well-known tree fern of the coal

formation. The other had already been figured by

liimself in his " Scanian Travels," published eighteen

years previously. Turning to that work, we find a

rude engraving (see Fig. 1) of a curious marking

found upon a slab of slate that had been broken in

pieces, and which is desci'ibed as resembling the

imj^ression printed by the edge of a milled coin.

To this strange object Linnaeus gave the title of

Graptolithus scalaris, the "ladder graptolite."

Linnaeus died in 1778, and as later naturalists

have properly omitted the section devoted to the

A/V\AAAAA/\AAAAAA/Q O
Fig. 1.

—

Graptolithus scalar it, Lirm., the only true Graptolite
figured ty Liunseus.

" false fossUs " from the subsequent editions of the

" Systema," in all probability the name Graptolithus

would have sunk into oblivion but for an in-

teresting discovery made in 1821. In that year

the Swedish naturalist Wahlenberg had the good

fortune to detect many examples of Linnaeus'

Graptolithus scalaris in the original localities in

Scania. He saw at once that they were actually

true fossils—the petrified remains of what had

once been living creatures ; and he suggested that

they might be relics of ancient cuttlefishes, like the
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Orthoceratites and Belemnites of the paljeontologist.

Within the next few years similar fossils were

detected in Norway, Russia, Germany, Britain, and

America ; and it was then found that they occurred

in extraordinary multitudes in every region where

the older fossOiferous rocks are visible at the

surface. These discoveries led to the resuscitation

of Linnaeus' old term Graptolithus, or Graptolites,

and its application to the entire group of animals

of which his Graj)tolith.us scalaris is the type.

Plumulariadse, of the class of the Hydrozoa, and

the " sea-pens " of the present paper.

When we look over a collection of Graptolites

(Fig. 2) we find that they are all plant-like bodies,

having their edges deeply notched. Some are

leaf-like in their general fonn ; others are long and

slender. A few are quite simple, but the majority

ai-e branched, and of very complex structure. All,

however, whether simple or compound, show the

peculiar notches upon their edges ; some having

Fig. 2.

—

Group of Gkaptolites (Dichoyraptida-.)

Didymograptus ; B' B= B", Tetragiaptus
; c, Temnograptus; D, Loganogvaptus.

As discovery progressed, the new material showed

that Wahlenberg's theory of the cuttlefish origin of

the Graptolites was unsatisfactory, but it held its

own in the minds of many investigators till 1 8.5 1

,

when it received its death-blow at the hands of the

great paleontologist BaiTande, who showed that the

Graptolites were compound animals, like the Zoo-

phytes, or plant animals, of our modern seas. But

there are, as is well known. Zoophytes of many
different types, and for a long time it was the

fashion with some to regard the Graptolites as the

allies of the Virgulai-ia, or sea-pens, belonging to

the class of the corals. Later evidences de-

molished this theory also, and at present it is

believed that they are most nearly related to the

very different sea-pens, or sea-plumes, the elegant

only one edge notched, others bearing teeth upon

both margins. When they are in good pi'eservation

we notice that they must have been originally com-

posed of some dark flexible substance, which is now
transformed into shining carbonaceous matter of a

deep black colour, beautifully relieved against the

pale gi'ey tint of the suiTounding rock.

The simplest genus we know at present is called

Monograptus (Fig. 3). Let us examine one of its

commonest species a little more closely. Perhaps

the most convenient form for our purpose is the

Ifonograptus Boliemicus, of Barrande, shown in

Fig. 3. In order to be of service it must be

preserved with its full I'elief. When this is the case

we see that the fossil is a long cylindrical or rod-

like body, pointed below, and gradually thickening
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Fig. 3.—Moiiograptus Boliemieiis
(Barr) in relief.

above. One side of it is formed of a row of

deep cups placed one above the other in a con-

tinuous series (a a). Each of these cups has two

apertures, one at the top of the cup opening out-

wards, and another at the bottom of the cup

opening inwards into a long cylindrical tube or

pipe which occupies all the central jiarts of the

fossil. This central pijie is known as the " common
canal" (6), and the lateral cups are called "calycles,"

or cellules. If we can

d.—_ get a glance at the

back of the fossil we
find in its outer surface

a narrow groove run-

ning from end to end

(c). Buried deep in

this little groove we
notice a minute rod, or

thread, exactly filling

it, and occasionally

projecting from one or

other of its extremities.

This is termed the solid

axis, or virgida (d).

If we now turn to

any of tlie i-emaining

forms of Monograptus

(Fig. 5) we learn that

they are formed pre-

cisely upon the same general plan. In all there

is the pipe-like trunk with its series of cups in

front, and its little groove filled by the slender

"axis" at the back. The only differences dis-

tinguishable amongst them lie in the shape and
arrangement of the calycles or cups, which vary in

form to an extraordinary extent, becoming longer

or shorter, hook-like, tube-like, and variously

twisted and ornamented. Nor are the complex

forms much less easy of comprehension, for they

are plainly nothing more than branching structures

composed of elements of the same general type as

our on-iginal specimen. The forms with teeth upon
both margins are at first sight much more difficult

to understand
;
but, as first pointed out by Pro-

fessor Nicholson, if we study some of them in

relief, we find that they easily split longitudinally

from end to end, and they have all the appearance
of being simply two-branched forms, whose branches,

instead of being free, are glued together, as it were,

back to back.

In order to gain a correct idea of the possible

appearances and mode of life of the Graptolites,

let us turn aside for a moment and examine the

155

n, Calycles, or Ci'lluU
Canal ; c, Dorsal Gn
Axis.

s: 6, Common

structure of their living allies among the modern

Zoojihytes. Of these the group supposed to be

most nearly related to the Gi'ajitolites Ls that of

the Plumulariadse—the sea-pen or sea-feather—

a

division of the so-called " sea-firs," which are not

uncommon in the seas around our coasts.*

In Pluraularia (Fig. 4) we see a tree-like structure,

very plant-like in its external aspect, and well

Fig. 4. -Plumularia, Modem Sea Pen or Sea Plume.
Allman.)

(After

A, Stem and Brancbes of a Species of Plumularia. natural size ; B, Branch
of Plumularia, magnified ; aa, Calycles, or Uydrothecie

; lb, Hydrantli,
or Polypitcs.

justifying the old name Zoophyte, or plant-animal,

bestowed upon it by the older naturalists. If we
examine a single branch of it under the microscoj^e,

we notice that it is in truth a cylindrical horny

tube. At regular intervals along its length are set

little cups (a a), with wide apertures above, opening

outwards, and narrow apertures below, opening

directly into the central tube. If we study the

creature in its living state, we see that each of

these little cups contains a small li^dng animal

{b h), reminding us of the common fleshy Actinia,

or sea-anemone, so abundant upon the sea-bathed

stones of the shore. Like the sea-anemone, too,

* "Science for All," Vol. I., p. 378 ; Vol. II., p. 312.
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this little animal carries a circular fringe of ten-

tacles, or long fleshy fingers, with which it agitates

the surrounding waters, and brings within its

reach the nutrient particles upon which it subsists.

Through the minute aperture in the base of the

cup the soft fleshy substance of each little animal

is seen to be continued into the central tube, and

this tube is filled with it from end to end. The

entire structure is thus united into a single com-

plex organism. The nutrient fluids collected by

the several poly2ntes—as the small creatures in-

habiting the lateral cups are called—pass into this

central tube, and circ^^late in regular periodic

pulsations throughout the entire length and breadth

of the colony, giving life and vigour and organic

unity to the whole.

The common flesh of this creature is called

sarcode, and the central tube is termed the cceno-

sarcal canal. The cups inhabited by the polypites

are called hyclrothecce, and the horny skeleton of

the complete structure goes by the name of the

polypary.

If we could by any means extract the whole of

the living matter from our specimen Plumularian,

it would be seen that the resemblance of the re-

maining horny skeleton to the Gi-aptolites would

be exceedingly close. It is certain that we have

in these fossils the petrified hard skeleton, or

j)olypary, of an organism resembling the sea-fir.

The lateral cups seen in Fig. 3 {a a) were pos-

sibly hydrothecse, each carrying a single animal

of the colony. Through the exterior aperture of

the cup it protruded its tentacles in search of

nutriment; and through its inner aperture was
prolonged the sarcode, or common flesh, into the

central pipe or common canCd, which was filled

with it from end to end.

This comparison is satisfactory as far as it goes
;

but it is deficient in one most important feature.

In the modern Hydroid Zoophytes we find nothing

analogous to the solid axis of the Graptolites,

and it is therefore impossible to unite the latter

in the same group with Plumularia and its allies.

For this reason they are usually regaixled as forming

a distinct and peculiar group, to which Professor

Allman has given the title of Rhabdophora, or

rod-bearers.

The special type of structure shown in the

example of the branch of Plumularia is common
\inder certain non-essential modifications to all the

Hydroida of our seas. The polyparies constructed

of this simple element, instead of being, as might

have been expected, few in number, and of a

monotonous character, are actually wonderfully

abundant and diversified. They are all alike in

the fact that each polypaiy has its own calycles,

hydranths, and common canal, but they differ most

remarkably in the form of the adult colony. Some
are elegant and plume-like, others stout and bushy

;

some have but a single calycle, others have a popu-

lation reckoned by millions. More closely studied,

we find a beautiful order in the midst of this

diversity. A certain unity of plan is seen to be

present in special groups, which allows of their

being divided by the naturalist into families

arranged more or less according to their natural

relationships ; while each family breaks up in its

F;g. 5 —Various Forms of Monogi-aptus.

turn into those subordinate groups which the

naturalist calls genera, species, and vai'ieties.

Now, the ancient Graptolites admit of a detailed

classification in precisely the same way. Not only

have we species with a single series of calycles, as

in Phimularia, but we find forms with two series

placed back to back, and even species with four

rows of cups. Some aj^pear to have a single row

of cups on the lower part of the stem, and a double

series above
;
others, again, present us with a stem,

bearing a double series of calycles, and branches

bearing a single series. With all these outward

distinctions, however, there is a very intimate

relationship between all these forms. To such an
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extent is this the case that it would be possible to

connect the most extreme types by a series of in-

termediate forms,

differing from each

other only in a

very slight degree.

When tlie study

of these strange

old fossils was in

its infancy, natu-

ralists were con-

tent to arrange

them in the two

groups of the Mo-
noprionida (single

saws) and Diprio-

nida (double saws),

according as they

had one or two

rows of calycles
;

but the abundant

and richly-varied

material collected

of late years shows

that this artificial

arrangement is very inadequate. At present it is

the rule to divide the Graptolites into " families,"

Fig. 6.—A A, Eastritos ; b, Cyrtograptus.

never carry more than one series of calycles, we
find that the family which appears simplest in

form and composition is that of the Monogxaptids

(or single Graptolites), an example of which has

been already described (Fig. 3). The three genera

we place in this family in our collections are those

shown in Figs. 5 and 6. The reader will notice

that in all three the polypary is single, and carries

but a single row of calycles upon its stem and

branches. In Monograptus (Fig. 5) the cups all

touch each other, but both they and the polypary

itself vary strangely in shape. In some the cups

are long and tubular, in others short and stout

;

here prolonged into a thorny spine, there curled

into a rounded knob. Now and again the polypary

is quite straight, but as a rule it is beautifully

curved, either into a sickle shape, into a flattened

coil resembling a watch-spring, or into a conical

helix like the spiral of Archimedes.

If we imagine a species of Monograptus as

branching and rebranching again and again, we
have its brother genus Cyrtograptus (Fig. 6, b)

(Curled Graptolite), in -which the elegantly curved

polypary and differently-shaped calycles also recur.

In the third genus of the family, viz., Rastrites

(or the Rake Graptolite), the polypary carries no

branches, but the cups are widely separated from

Fig. 7.—Leptograptids:.
A, Lertograptus ; B, Pleurograptus; r, Aiiiijhisraptus; p, C;?nogrartus; 1, Branch, magnified.

or large groups of fonns, those being placed in

the same family which appear to be the most

closely related.

Commencing with the artificial division of the

Monoprionida, or those in which the branches

each other, and are long and tube-like, standing

upon end like the teeth of a rake (Fig. 6, A a).

The second family grouj) is that of the Lepto-

graptidse (or slender Graptolites). The grand dis-

tinction between this family and the foregoing is
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seen in the fact that the polypary, instead of being

simple and single, is actually two-stemmed and

compound. All its genera again have the same

kind of branches and caJycles. The branches are

long and slender, and the calycles are narrow tubes,

pressed so flat against the branch as scarcely to be

discernible without the aid of a lens. Though

there are more genera in this family than in the

Fig. 8.—Dicranograptidse.

AA, DicranograptuB ; bb, Dicellograptus; Branches, magnified.

Monograptids, there is actually less variety of

form, because of the identity of the minor elements

of structure. The genus Pleuro(jraptus is one of

the most conspicuous members of the family, occa-

sionally forming a complete mat of entangled

branches. The S-shaped Csenogi-aptus is perhaps

the most elegant genus, as Amphigi-aptus is the

most crude in form, resembling the cracks made by

a stone on a floor of ice (Fig. 7, A d).

Of all the families of the Graptolites, that known
as the Dichogruptido} (evenly divided) is by far the

most prolific (Fig. 2). Exactly as in the Lepto-

graptids, the calycles are so invariable in shape that

a fragment of a branch of any of the forms of this

family is recognisable at a glance. Each cup is a

long cone, widest at the mouth, but pressed slightly

against its neighbours, so that it becomes some-

what wedge-shaped. The simplest form we know
of at present is Didymograptus (twinned Grapto-

lites) (Fig. 2, a), which is veiy like Leptograptus ui

its two-armed polypary, but is separable at sight

by the shape of its calycles. All the remaining

genera of the family are formed, so to speak, upon

this element of Didymograptus. Tetragraptus (2, b)

seems composed of two Didymograpti placed back

to back. In Dichograptus each of the four arms, as

it were, divides into two. In Loganogi'aptus (2, d)

each of these secondaiy branches divides again ; and

so on through a large number of genera, until as

many as sixty-four branches ai'e reached. But one

point must not be forgotten. This repeated branch-

ing is nearly always regular in character. Each

branch splits, as it were, into two in its turn, and

the polyparies are regularly starlike and symmet-

rical.

The last of the single-rowed families is that

of the Dicranograptids (two-headed). It includes

at present two forms only, Dicellograirtus (two-

forked) and Dicranogi'aptus. As in the last two

families mentioned, the polypary in the present

family is two-armed, and, like them, is distin-

guishable at a glance by the shape of its calycles,

which are of a most peculiar construction. Each

is actually sac-like in its general form (Fig. 8, 1, 2).

The lower half of this sac is squeezed flat against

the canal as in the second family, but the upper

half is quite free. This free portion is bent some-

what into the form of a hook, and then thrust

inward, so that the mouth opens almost against the

common canal. Were no extra provision made,

the polype in this family would have been a close

prisoner for life; but nature, ever ready at ex-

pedients, has provided a means of exit by digging

a deep hollow in the base of the succeeding calycle,

and twisting round the point of the apertiu'e

slightly sideways. Thus the polype was enabled

to protrude its tentacled head at pleasure, and

when it was withdrawn it rested in perfect safety,

buried in the deep hollow in which the cup-mouth

was lodged.

In Dicellograptus (Fig. 8, b b), we find in the

difierent species very great distinctions in the

width of the angle made by the opening branches.

As we go through the series we find this angle to

become less and less, till, after a time, we find the
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branches practically parallel, so that they almost

touch each other for some distance beyond their

point of origin. When this is the case we fre-

quently see the two branches united by a thin

membrane to a certain extent, so that in some

species the lower part of the fossil is two-rowed,

and the ujjper part one-rowed, in the disposition of

its calycles.

This leads us to Dicranograptus (Eig. 8, A a), in

Avhich this accidental feature becomes permanent

and characteristic. In the

lower part the fossil is

clearly su])plied with two

series of calycles, while

above the branches sepa-

rate and the polypary be-

comes again monoprioni-

dian, or furnished with

only one series.

Formerly, Dicellograp-

tus and Dicranograptus

were separated and placed

in different groups. As
our arrangement is to be

a copy of that of nature,

we now place them in

the same family, for the

two genera seem to run

one into the other. There

are, indeed, some species

in which it is impossible

to say that they belong to

one genus more than the

other.

The genus Dicranograp-

tus, with its biserial stem

and uniserial branches,

leads us insensibly into

the next great division

of the Graptolites—the

Diprionida, or biserial families ; for it is clear that

if the union of the branches were carried out to

their further extremities we should get a form
very like Diplograptus, the type of the biserial

Graptolites.

In the Diprionida we find three families. The
first is that of the Diplograptidse, or double Grap-

tolites (Fig. 9), which seem to be made of two single-

celled forms placed back to back ; for when they

are well preserved we can split them down the

middle into two longitudinal halves, each with its

own canal and separate calycles, and supporting

rod. In one of the genera (Climacograptus) of this

Fig. 9.—Diplograptidae.

A, B, Diplograptus; c, MaKnifled;
u, DiniorphngraptiiP; e, Cepha-
lograptus: p,g, H.CIimacograp-
tuB; I, ditto, magnified.

family we find again the protecting hollows over

the calycle-mouth, as among the Dicranograptids.

The second family is that of the Lasiograptids

(shaggy Graptolites), which are remarkable for

bearing strange ornaments

upon their margins in the

form of wicker-work, spurs,

and spines (Fig. 10).

We next come to what is

perhaps the most peculiar

group of the Diprionida, viz.,

the family of the Retiolitidce,

or Net-graptolites (Fig. 1 1). In

the genus Ketiolites, which

forms the type of this family,

the whole of the surface of the

fossil is covered with a beauti-

ful coating, or cloak of net-

work, or lacework, composed

of fine black threads hardly

visible to the naked eye. Un-
derneath this veil-like covering

we see the skeleton of a true

Graptolite—the calycles, the solid axis, and the

tubular common canal. But it is not possible to

separate the two-rowed polypary into its two similar

longitudinal halves as in Diplograptus, for the caly-

cles have between them but a single common canal.

Lastly comes the family of the Phyllograptids

10.—Lasiograptidae.

A, B, LasiograptuB
; o, i>,

GIossugraptuB.

Fig. 11.— EetiolitidsB.

A, Retiolitcs
;
a', ditto, magnilied ;

b, Ht'tiograptus.

(Leaf-graptolites), in which the polypary actually

consists of four calycle-bearing laminse fitted To-

gether in the form of a cross (Fig. 1 3).

But it may be asked. How do these wonderfuDj^
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complex structures originate 1 in what form are

they first visible 1 and what are the several stages

of their growth 1 To answer these questions, I

must ask the reader to return with me to the

modern sea-firs and Plumularia, and learn first

what takes place among them, that we may know
what to expect among the Graptolites.

The young sea-fir, after leaving the egg, is first

distinguishable as an independent and exceedingly

minute animal, called a flanula,* of a flattened

shape, a little thicker at one end than the other.

Its siirface is covered with vibratile cilia, and

aided by their swift movement, it swims rapidly

through the sea-water. After a time a thin, horny

film gi'ows over a portion of its surface, and the

cilia disappear. When this happens, the little

planula fixes itself to a rock or stone by its wider

end. The narrow outer extremity moulds itself

into a cup, carrying a hydranth, and this in its

turn gives origin to others, until eventually the

complete complex colony is developed.

It is clear that if the mode of development among
the Graptolites was the same as among the Hy-
droida, the fii'st stage of which it would be possible

to obtain evidence would be that at which the

horny film is formed over a part of the planula, for

only the hard, homy portions of these fossils are

preserved to us. Now, it is remarkable that at

this special stage we actually get the earliest ti-aces

of the Graptolite, but how these traces stand related

to the planula of the Sertularia we cannot yet say.

Each Graptolite is first visible as a little conical

sac—extinguisher-shaped—(Fig. 12, a) open at its

Fig. 12.—Development of Graptolites.

A, Siciila in its Free State ; 1, 2, 3, Early Stages of Monosfraptus s, Primal
Bud; s, Sicula: 4,5,6,7. Early Stages of Diplograptiia ; 8, 9, of Dicello-
grraptus; 10, of Csenograptus

; 11, 12, of Didymograptus.

wide end, and closed and pointed at the other.

When compressed upon the stone, this little object

has the form of a minute dagger—a little fibre

projecting from its broader end forming the handle,

and the compressed and pointed sac answering to

* "Science for All," Vol. II., p. 315, Fig. 7, D, &c.

the blade. Hence its name of sicula, or " little

dagger."

In all the Graptolites whose mode of develop-

ment has been fully studied, we find that the fossil

makes its first visible appearance in the sicula

form. After a time, a little bud grows out of the

sicula near its broader extremity (Fig. 1 2, x). This

is the commencement of the stem and common
canal. In the bifid and compound forms this bud
appears to be double ; in the Monogi-aptidse it is

always single. In Didymograptus the two branches

which originate fi'om the primal buds grow down-

wards and outwards at a wide angle, and the calycles

are developed one by one as the branch lengthens

(Fig. 12; 11, 12). In Cjenogi-aptus (Fig. 12; 10)

they proceed horizontally, and the sicula stands

upright midway between them, like a stifi" spine.

In Dicellograptus the branches bend backwards

more and more, till finally, in Dicranograptus, they

coalesce, and the sicula is buried up almost from

sight in the bottom part of the stem. This is the

case also in Diplograptus (Fig. 12 ; 4, 5, 6, 7). In

Monogi-aptus (Fig. 12; 1, 2, 3) it lies back upon the

bottom part of the branch, to which it is tightly

afiixed by the whole of its extent.

Not only have we ascertained the mode of de-

velopment among these ancient creatures, but we
know something also of their methods of rei:)ro-

duction. Among the modern Plumulariadse the

reproductive elements are usually developed in

certain sac-like bodies, which project outwards from

the walls of the polypary, and similarly we occa-

sionally find among the Graptolites marginal and
terminal sac-like bodies of like form but vastly

larger in size, which are by some believed to have

been actually reproductive capsules. As a rule

the reproductive sacs in Plumularia are naked and
unprotected. Of late years, however, many new
forms have been detected, more especially in the

deep-sea dredgings carried on under the auspices

of the British and American Governments, and

in these recently-detected Plumularians the repro-

ductive sacs are enclosed and guarded from danger

in a most remarkable manner.

If the reader will turn to Fig. 4 he will notice

between the hydi'othecse, or cup-like receptacles

carrying the hydranths, certain additional calycles

of very minute size. These are the calicetti, or

sarcothecce, of the zoologist, and they do not con-

tain hydranths, but merely small processes of the

jelly-like matter filling the common canal. In

some of the Plumulariadse referred to, a few of

these sarcotbecse and branches are so modified as to
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form a basket-like receptacle of living wicker-work,

inside which the reproductive sacs are safely en-

closed, while in others long protecting fingers or

spurs arch over the sacs for their protection.

It is probable that we have the counterparts of

these protective processes in the wicker-work of

Lasiograptus (Fig. 10, a b), and in the marginal

spurs and processes found frequently among the

Diprionidian Graptolites—an idea which gives some

colour to Professor Allman's original theory that

the marginal cups in the Graptolites correspond,

not to the calycles in the Plumulariadse, but to the

minute sarcothecas.

These resemblances between the Graptolites and

Plumularians are very remarkable, as no true Grap-

tolite is known to have outlived the Silurian sys-

tem, one of the oldest of the fossiliferous formations

recognised among geologists. In that system, as

we have already stated, they occur in extraordinaiy

profusion. The many forms we have enumerated,

however, are not found mingled indiscriminately

together in one and the same rock-bed ; but in

every region in which they have hitherto been

detected they follow a determined rule of succession

in time. Certain well-defined assemblages of fami-

lies and genera always occur in association, and

these special assemblages succeed each other every-

where in the same order. The lowest Silurian

rocks have their special and peculiar group of forms

;

the highest Silurian is marked by a gi-ouji totally

distinct in every particular, while the intermediate

divisions are distinguished each by its own inter-

mediate but special group of species. To such an

extent is this the case that

the geologist knows exactly in

what part of the Silurian he

is working by the forms he

collects.

The feathery Dichograptidse

and Phyllograptidae (Fig. 13)

are the first to appear, and in

the earliest beds of the Silurian

they are found in millions. As
time goes on they gradually

disappear, and their place is

filled by slender Leptogi-aptids

and Dicellograptids. In the

very middle of Murchison's

Silurian system these also die

out, and the double Graptolites, or Diprionida,

which have been slowly increasing in number from
the commencement, are found for a time alone, A
little higher a few straggling forms of the simple

13.- Phyllograptus.

MonograptidiB come into view. They rapidly in-

crease in numbers as we go up the rocks, while the

Diprionida decrease, and after awhile seem to

become wholly extinct. In the higher Silurian

rocks the Monograptidse reign alone, but before

the system is closed they also vanish, and no

Graptolite has ever yet been met with in rocks of

later age.

This wonderful variation in tlie grouping of life-

forms as we pass upwards through the succession

of rock-groujis—from the earliest dawn of existence

to the latest deposit with which the geologist has

to deal—is one of the most striking, and at the

same time one of the most mysterious of the pheno-

mena the paleontologist meets with in his researches.

In the pages of the history of mankind we watch

with interest the alternate rise and fall of the waves

of change. One after another, some small tribe

thrusts itself into prominence, subduing and absorb-

ing its weaker neighbours, rising slowly to its highest

pitch of power and dignity, and thence as slowly

sinking back again to insignificance and obli\"ion.

We can follow it upwards, step by step, and thence

as clearly downwards in the inevitable course of

disintegi-ation and decay. Though the mists of

time hide much fi-om our sight, we catch neverthe-

less, at intervals, clear indications of the cause of

these changes. Free from the blinding influences

of personal interest and the distorted view which

necessarily accompanies immediate proximity,

we watch from a distance, and with unimpa.s-

sioned eye, the inevitable sequence of cause and

effect. But in the gloom which enshrovids the

history of the life-forms studied by the palseon-

tologist, all but the faintest glimmering of light is

as yet wanting. The correspondent changes are

certainly there—the stages of origin, culmination,

and decay ; but of the true causes of these changes

we are as yet ]n-ofoundly ignorant. To the sage

astronomer, the proper motions of the so-called

fixed stars, and the form and characteristics of the

nebulfe, whose misty light travels to us from regions

of space inconceivably j-emote, are demonstrative

that the physical laws that reign in our planet

extend their rule to the faixhest limits of the visible

universe. In precisely the same way the develo^i-

ment and mode of growth of these ancient Grapto-

lites, and the direction and proportion of the

changes they underwent, are demonstrative to the

naturalist that the laws which now regulate

growth and development in the animal woi'ld have

remained substantially immodified since tlie dawn
of existence.
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DIGESTION.
By F. Jeffrey Bell, M.A., F.R.M.S.

Professor of Comparative Anatomy in King's CoUege, London.

FOE. the moi-e fortunate among us the process of

digestion of food is a simple enough affair ; and

neither the difficulties of effecting it, nor the state

of mind which almost inevitably accompanies any

difficulties in this matter, lead to what is justly

taken to be a breach of good manners, namely, any

reference to the process at all. To turn aside for

one moment, we may point out how curiously any

reference to the matter is, like other references to

many other similar concerns, out of good taste ; it

is because when digestion is not good the difficulties

that are associated with it are not confined to the

sufferer, but extend to all those with whom he is

brought in contact. It may be true that nothing

is more painful than a failure on the i^art of the diges-

tive organs to do their duty ; but it is no less true

that of all the material causes which injuriously

affect society, to none can more harm be ascribed

than to this, and the trite saying that success in life

is largely due to a good digestion must be ascribed

to a wise physiologist, or to a most unhappy victim.

It is either the voice of wisdom crying in the streets,

or it is the bitter wail of an unwilling sufferer.

From the personal and social view, therefore,

a knowledge of the processes of digestion is very

far from being unnecessary ; a careful study of this

everyday arrangement may, perhaps, be able to

lead us, as every investigation into natural

phenomena should, to some more general views of

the fundamental laws which, impressed on living

objects, are a sign of the mode in which what we
call Nature effects the purposes and creates the

possibilities of existence.

The difference between minerals or non-organised

matter, and vegetables and animals, or organised

matter, has been often dilated upon ; but the reader

must again be reminded of the salient point.

When a mineral, such as a crystal of sulphate of

lime, grows, it does so by depositing layer after

layer of fresh sulphate of lime outside that already

formed ; the new substance does not enter into the

co?iiposition of the farts of tlie original crystal.

With organised matter the process is entirely

different ; matter taken in from without is, as a rule,

first converted into matter exactly similar in charac-

ter to the organism into which it enters, and the

new substance is stored uj) in parts of the original

living substance. This prime difference depends on

two causes : first, the organised matter exhibiting

activity uses up i)art of what already forms a portion

of itself, which is not the case with the crystal

;

secondly, the crystal takes up only substances

which are chemically of the same character as itself,

while the man, the snail, the rose, or the fern,

which do not find substance exactly similar to the

nutriment of whicli their various parts are com-

posed, have to convert into such substance foreign

bodies. This convei'sion is either effected quite

simply, the animal taking the food at once into its

general mass, and there making it like the rest

(Amoeba) ; or by more and more gradual stages of

elaboration, a part of the body—the digestive

organs—is set aside for digestive duties ; when
this is carried to that stage of complexity which is

found in ourselves, the extreme result is ai-rived at,

that a wall of partition, by its especial physical

characters, prevents the food from passing into the

blood-stream till it has undergone special changes

within the digestive cavity.

Leaving then, for the present, plants on one side,

we find that animals either take nutriment en masse

into their general body, or set apart special

agencies—stomach and so on—for converting it

into special bodies, and other organs—blood system

and so on—for carrying it to the different parts

where activity has entailed loss of tissue, and where

loss of tissue requires renovation.

In dealing with subjects like the present two

courses are open to iis, both of which have much to

recommend them : the first, and the better, is to

begin with the simplest of all organisms, and step

by step to work our way up to the most compli-

cated ; this is the only scientific method. The

other is to commence with what is known, or, we

fear we must say, supposed to be known, and

gradually to work away till we reach what is

unknown ; this is the more agreeable and attractive

course, and is one which is founded on the pecu-

liarities of our nature. Just as a pin-prick in

ourselves is more terrible than a massacre in China,

so the procfisses of digestion, complex as they are

in ourselves, will find more students than the far

simpler methods in use among the animalcules. To

begin, therefore, with a description of the structures

and uses of the organs of digestion in man.

First, we have organs for seizing and grinding
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down the food—the lips, the muscles of the jaws,

the teeth ; and then we have the organs which pour

out secretions, by the action of which the food is

changed in chemical character—the salivary glands,

the glands of the stomach, the bile, and so on ; and

finally there are the circulatory systems which

convey this changed food away to its proper store-

houses or to failing parts.

With regard to the teeth it is unnecessary to say

anything more, * save only this—that their function

as grinders, as the organs by which the coats of

vegetable cells are bruised and broken, is not always

sufficiently taken into account
;
envelopes of various

kinds on various bodies are unharmed by the

action of the gastric and other juices, the chief duty

of which is to aet on the contents within these

envelopes. Herein lies the rationale of mastica-

tion.

The function of the lips is not in man, save in

the suckling-baby state, very considerable ; not

considerable, at any rate, as compared with the

function that they have to perform in grass-eating

animals; but though this duty has been greatly

lost by them, and been replaced by the higher func-

tion of aiding in articulation, the nerves which go

to their muscles go also to other parts which still

have important duties in the process of digestion,

while their own function as the seats of sensibility

is not to be lost sight of. When the jaw has been

lowered, partly by its own weight, partly by the

muscles which depress it, the parts just referred to

come into play. The nerves which go to the

muscles are branches from the seventh or facial

nerve, and from the lower half of that fifth nerve

which we spoke of in a previous paper f as being

the spinal nerve of the head ; this latter supplies

the three chief muscles which raise the jaw—the

masseter, or chewing muscle, and the temporal

and pterygoid muscles, which receive their names

from the bones of the skull with which they are

connected. The mode of action of these structures

will be easily understood by a reference to the ad-

joining figure (Fig. 1), where tp marks the internal

of the two pterygoid muscles, and ni the masseter
;

the temporal muscle, which is not seen in this

figure, is inserted into the inner face of the lower

jaw-bone. Branches from the seventh pair are sent

to some of the muscles which depress, or lower, the

jaw.

The muscles already named act generally in

raising the jaw ; the external pterygoid (ep) has a

* "The Teeth," " Science for All," Vol. II., p. 156.

t " Taste," " Science for AU," Vol. III., p. 108.
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somewhat more complex action; it is so attached

that, when it contracts, it draws the hinder part of

the jaw forward
;
and, as matters are so arranged

that, as a rule, only one contracts at a time, it will

be clear that the jaw will be a little drawn to one

Fig. 1.—Some Muscles of the Jaw.

side, and this lateral movement, in which other

muscles also take some share, is the means by

which the grinding action of the molar or grinding

teeth is effected.

"We have said that other parts are affected by

the nerves which go to the muscles already re-

ferred to, and by this we have somewhat anticipated

our account of the influence of a branch of the

seventh nerve on the organs which are the next to

come into action during the process of digestion.

It is hardly necessary to say that we refer to the

salivary glands, by the secretion of which the

mouth is moistened, and part of the food altered in

chemical characters, as has been already explained

in an elementary manner in a former paper, | which,

as bearing on our subject, we shall now supplement

by additional remarks. The nerve in question is a

branch of the seventh pair, and as much of the

processes of secretion has been learnt from a study

of its influence, we must remind our readers

that technically this branch is known as the chorda

tympani.

Fii-st, however, we must learn to know the

salivary glands themselves. Of these there are three

chief pairs, set on either side, and known respec-

tively as the -parotid gland, the suh-lingual, and the

sub-maxillary or gland below the infei'ior maxilla

(lower jaw). These glands are all provided with

efferent ducts or canals, which open into different

parts of the cavity of the mouth ; the parotid duct

has an orifice above the second molar tooth of each

upper jaw, the duct of the sub-maxillary (Wharton's

duct) opens close to its fellow, below the tongue and

Z For a further account of the chemical characteristics of

saliva, see " Science for All," Vol. III., p. 306.
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at the 23oint where that mobile organ is attached

to the membrane beneath ; the sub-lingual has a

number of ducts, which open into or near the duct

of Wharton. With regard to the glands themselves,

we need only say that they are constituted by a

number of lobes, so that they have, broadly speak-

ing, a grape-like, or, to use a more technical term, a

racemose appearance, and that in man the parotid

is the largest; but the parotid is not always the

Jargest, and the secretion of the fluid poured out

from the glands is not always so nearly similar as

it is in ourselves ; this is best illustrated by a

reference to the ant-eater, a magnificent specimen

of which is in the gardens of the Zoological

Society of London, where a careful observer may
make out its mode of eating ; the secretion from

the siib-maxUlary gland of this animal is excessively

thick, and has been not inappropriately compared

to bird-lime ; this thick secretion lies on the tongue,

and the animal, protruding that organ, is enabled

by this slime to catch for itself the insects on

which it feeds.

The action of the saliva or secretion of the glands

is in man, and indeed in very many of his allies, of

very considerable chemical activity. Much of the

food which we eat, such as bread, potatoes, aiid' so'

on, contains a quantity of starch ;
now, as we all

know, starch cannot pass through that wall which

separates our internal chemical laboratory from the

blood or circulating medium, by means of which

the different tissues obtain the nutriment they

require, and it must therefore undergo a change in

character. Here we come to one of the more

general propositions to which a study of the digestive

processes leads us ; to a consideration, that is, of

those fermentative processes, by means of which a

small quantity of matter is enabled to effect great

changes in the bodies with which it is brought into

contact. How gi'eat this effect is, may be imagined

by a knowledge of the fact that in two hundred

parts of human saliva, not so much as one part is

solid
;
or, to put the matter still more strongly, many

competent observers have found more than nine

hundred and ninety out of a thousand parts of

mixed saliva to be nothing but water. On the

other hand, we all know what a little yeast will

effect in a mass of dough, and to the minds of all

will the words occur " a little leaven leaveneth the

whole lump."

Between the fermentation of the yeast-plant and

the ferment-activity of the saliva secretion there

is, however, an important difference ; with the

former we have a distinct and definite organism,

tiie presence of which can be easily demonstrated

under the microscope ; here we have to do with an

organised or so-called morphological ferment

;

and the processes to which the name offermentation

are applied belong primarily to this class. In the

case of saliva there is no such organised ferment,

and all that we know of the mode of action is, that

for saliva to be able to convert starch into another

body, it is necessary that it should contain a definite

substance ; without entering into all the experi-

ments by means of which the characters of this

body have been proved, it is only necessary to say

that after filtration of the saliva, and after treat-

ment of the filtrate with alcohol, a substance can

still be dissolved out by water, which is just as

active as fresh saliva ] to the substance thus

obtained the name of 2)iyai'in has—we have already

learned (Vol. III., p. 306)— been given; when dried

i7i vacuo it appears as an almost pure white powder.

To understand its mode of action it will be

necessary, first of all, to know the chemical

constitution of the starch, and of the grape-sugar

into which the starch is converted ; * both these

bodies consist of a number of atoms of carbon,

hydrogen, and oxygen, and the chemical formida

of the one may be most simply written thus

:

OgHioOj and of the other—the grape sugar, OgHijOg

and the difference between these two bodies lies in

the fact, then, that grape sugar has two more

atoms of hydrogen, and one of oxygen, than has

starch. All the readers of this work know that

HoO is the chemical formula of water ; we may
then conclude that what ptyalin does is to mix

with every molecule of starch one molecule of

water ; that this is done dii-ectly is not to be

supposed, but this is the effect of the change.

Here, then, is the first great change which food

undergoes
;

chemically speaking, the starch is

hydrated, physically sjieaking, it is converted into

a body which is capable of passing through the

membranous wall of the stomach or becomes

diffusible ; to this we will return later on.

Although saliva has in man this remarkable acti-

vity, the function of the fluid as affording a supply

of water, and water at a temperature very nearly

that of the body, is one which must not be over-

looked ; no better example of this use of the saKva

can be observed than in the Carnivora, where the

food is swallowed almost as soon as it is taken into

the mouth ; nor in these creatures is the action of

the secretion nearly so rapid as it is in ourselves.

* The chemical characters are to be detected by experiments,

of which an account is givenin "Science forAll," Vol. III., p. 307i
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If other examples of the value of salivary glands

as water-organs are needed, they are to be found

in the great development of the parotid gland in

the kangaroos which dwell in the arid plains of

Austraha, and in their absence in the whales and

dolphins. Nor, on the other hand, must it be

supposed that this mode of ferment-activity is

confined to the saliva, or to other seci-etions of

the animal body ; the stai-ch stored up in vege-

tables is primarily stored iip by them for their own

use, and when they need it, it may undergo conver-

sion into gi-ape-sugar, and enter more directly into

the composition of the plant; and, again, from

germinating barley, ground and treated with

water, a substance capable of converting starch

into sugar has been obtained and, as Professor

Schutzenberger reminds us, there is in almonds

a body capable of converting the contained amyg-

daline into essence of bitter almonds. This non-

organised ferment stands, moreover, mid-way

between such organised ferments as the yeast

plant, which we have already referred to (Vol.

I., p. 51), and those still more complex agencies

which take up oxygen only to give it up again
;

of these even more purely chemical agencies,

spongy platimmi is perhaps the best example

;

while another, not unknown to the manufacturer

of sulphuric acid, is the curious part which is

played by svilphuric dioxide.

We come now to the changes which occur in the

salivary glands themselves, whei-e we shall be able

to learn something of what is known as to the

process of secretion. The easiest way,

perhaps, to gi-asp this matter is to look

upon the living gland as much the same

as a living animal ; that it should do

its work it must be fed, and to rouse it

to do its work it must be subjected to

nervous excitation. The nervous con-

nection is said by the eminent German

physiologist Pfliiger, to be so close that

a nerve-branchlet passes to the con-

stituent cells of the salivary gland

lobule ; this may be true, and Pfluger's

figures, of which one is here reproduced

(Fig. 2), go a long way to confirm the statement

;

but it is one which has not been very generally

accepted.

In any case the nervous influence is marked

enough, as may be seen by exciting that nerve-

branch, the chorda tympani, which we have

already mentioned ; when this nerve is excited,

the flow of saliva from Wharton's duct, the duct

Fig 2.—Nerve
Passing to Sa-
livary Gland-
cells.

of the sub-maxillary gland, is considerably increased

;

this flow is preceded by two phenomena, one of

which is from the nature of things very much
more obvious than the other : they are (1) the

increase in size of the cavity of the arteries, owing

to the dilatation of these vessels ; with this is

connected a more rajjid flow of the blood-stream,

and consequently the passage of a larger amount
of blood through the gland. (2) The other is a series

of changes in the cells of the gland itself ; it is

clear that these changes are at any rate partly due

to the gi'eater amount of food, so to speak, which

the increased blood-su^jply aflbrds. If Pfluger's

observations are correct, it will follow that in

addition to this extra feeding, another cause is to

be found in the changes which take place in the

cell itself

Without going any further into this complex and

difiicult problem, we may say that the question really

resolves itself into this: is the secretion of saliva

merely a filtration through the gland, or is the

gland itself an important agent in the manufacture

of the saliva 1 In answer to this we will give one

short quotation :
" If the head of an animal be

rapidly cut ofi", and the chorda immediately stimu-

lated, a flow of saliva takes place, far too copious

to be accounted for by the emptying of the salivary

channels through the contraction of their walls.

In this case secretion is excited in the absence of

blood supply."*

To sum all this up, the salivary glands of man,

in addition to moistening the mouth and diluting

the food, secrete a substance which converts starch

into grape-sugar ; this secretion is accompanied by

an increased supply of blood to the parts, and by

changes in the cells which make up the gland.

During life this secretion, which never completely

ceases, is increased by a nervous excitation, which

is reflex, or brought about unconsciously by the

presence of food (or of other bodies) in the mouth.

The presence of this food is signalised to the brain

by the sensory nerves which are supplied to the

mucous membrane of the mouth and tongue (Fig.

3, Yol. III., p. 308).

We must now pass on to the other changes

which the food undergoes elsewhere after it has gone

through the complex process of being swallowed.

Having passed down the gullet or oesophagus, the

food comes to a somewhat capacious sac, which is

the stomach, and here that part of the food which

is albuminous, such as meat, eggs, and so on,

undergoes its most important changes. We will

* M. Foster : "Physiology," p. 182.
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fii'st direct attention to the mode by which it

becomes diffusible.

Some years ago, the illustrious chemist, Thomas
Graham, who was for many years Master of the

Mint, pointed out that bodies might be arranged

in two series : they might be capable of diffusing

through a membrane—these are crystalloids ; or

they might be incapable of so diffusing—these

he called colloids, for gelatine may be taken as

their type, and koUe is the Greek for jelly. Now,
if we take some raw muscle (flesh), or cooked

meat, and mince it up small, and treat it with

water, and place it in a hoop-shaped glass vessel,

closed on one side by a piece of membrane, and

place this in a vessel of water so arranged that the

level of the surrounding water is not as high as

the upper rim of the hoop-shaped vessel, we shall

find that nothing will pass through the membrane
;

that all the minced meat will remain in the smaller

vessel, and all the sun-ounding water will remain

quite pure ; and we shall further be able to detect

no change at all till the meat gives evident

indications of putrefaction. But, if instead of

this simple arrangement we add a little of the

secretion of, say a pig's stomach, to the meat, and

add therewith a little dilute hydrochloric acid, we
fihall, especially if we keep the vessel at a tempera-

ture about equal to that of the body (say from 95°

to 100° Fahr. or from 38° to 40° C), find in a very

short time that the water is not pure water any
longer, and that by the aid of appropriate chemical

agents we can discover in it bodies which are known
as peptones, and which receive their name from the

fact that they have been acted on by the pepsin

of the pig's stomach.

To make this matter still clearer, we will describe

a few experiments, the result of which will be

to show, that by the agency of this pepsin and

acid, the colloidal meat has been converted into

a diff'usible (dialysable) body.

Our pepsin will have been thus prepai-ed : a small

piece of the mucous membrane of a pig's stomach

will have been cut into very small pieces, and after

being dried with blotting paper, will have been

placed in a bottle and covered with strong glycerine;

a few hours afterwards this "glycerine extract of

pepsin " will be fit for use. Taking now three test-

tubes, into one we place a little prepared meat-stuff

with a few drops of the glycerine extract; into

another we place some meat-stuff" and some very

dilute hydrochloric acid; and into a third we
place the meat-stuff", the pepsin, and the dilute

acid. "When we come to test these, either by the

dialysing membrane already spoken of, or by certain

chemical re-agents, of which more shall be said

directly, we find that no change has occurred in the

first or second tubes, although they, like the third,

have been subjected to a temperature sufficiently

near that of the body. In the thii'd test-tube

peptones will be found.

From this series of experiments we may learn,

that in the pig (and the same is true of ourselves)

peptic juice and a dilute acid must both be present,

to eff'ect digestion of what has till now been called

meat-stuff"s
;
by this last term we have meant to

speak of albuminous bodies, or of bodies in which

the chemical element, nitrogen, is always associated

with the three elements, oxygen, hydi'Ogen, and

carbon, which we found in starch or cane-sugar.

In the detection of peptones, or altered albumens,

we may make use of a large number of chemical

tests ; here we will mention only the most obvious.

As we all know, boiling water efi'ects a gi'eat change

in white of egg; when this is placed in boiling

water, or subjected to a high temperature, it curdles

and hardens ; this is not the case with peptones.

Nor are they thrown down from their solution

(precipitated) by strong nitric acid
;
which, as most

of us know, very i-apidly gives a yellow tinge to

fresh albumen; with tannic acid peptones give a

reddish-brown pi-ecipitate, and with mercuric

chloride one which is of a yellowish colour.

We have not the space here to linger any longer

over this, the chief function of the stomach proper

;

an organ which has been defined to be one which is

capable of dissolving albuminous bodies ; but before

passing on to the consideration of its structure in

man and other animals, it is necessary to link it

with what we have learnt about the influence of

saliva. From the secretion of the stomach, just as

from the secretion of the salivary gland, it is

comparatively easy to obtain a body which,

indefinite in form, is not an organised ferment,

and yet which has very strongly-pronounced

fei'ment-activities. Its resemblance to the yeast

and other ferments of the organised kind is nowhere

more strikingly shown than by the facts, which we

have learnt, as to the extremely minute quantity of

it which is required for the successful performance

of its duties. The action and origin of the acid are

involved in greater obscurity, but the necessity for

its presence is often enough demonstrated in indi-

viduals, and can always be shown in experiment.

What now is the stomach itself] From a general

point of view, it is an internal chemical laboratory,

which never lets the meat-stuff"s pass through its
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Pig. 3—Diagram of the Human Stomach.

a. Greater, 6, Lesser Curvature ; c, Cardiac End
;

d. Pyloric End.

walls till they have undergone changes at its hands.

In man it is a sac which lies transversely across

the long axis of the digestive tract (Fig. 3), has one

oritice towards

the right, and

another to-

wards the left,

and both on its

upper surface

;

itis so arranged

that one curva-

tm-e is very

much greater

than the other,

and that a

blindly-ending sac is found on the left side. Vary-

ing somewhat in size at different times, it may be

generally said to be from ten to twelve inches long,

and about four inches broad. Its walls are of a

not inconsiderable thickness, and of its four layers

there are two which are, for our pui-poses, of the

most importance ; the one is the muscular coat,

thanks to which the churning movement of the

contents is kept up, and the other is the coat of

mucous membrane, in which

we find the glands which

promote its secretions. All

these coats are shown in

the subjoined figure (Fig.

4
; ) where a represents the

glands, and d and e two of

the muscular layers ; the

upper one is known as the

transverse, and the lower

as the longitudinal layer;

the thii'd layer, in which

the fibres mn obliquely, is

not as regularly disposed as

the other two, and is not

seen in the figure here

given.

By the aid of a simple

hand-lens, it is possible to

see the orifices of these

glands on the inner face

of a stomach which has been laid open ; in section

the glands are, as the figure shows us, tubular in

form, and end blindly at their lower ends, even

when that end is, as it is sometimes, branched into

two or three or even more, processes. The epithelial

cells which line these tubes are when simplest merely

cohminar in form, as is roughly indicated in Fig. 4,

but is better seen in Fig. 5, which gives a more highly

Fig. 4.—Cection of the Wall
of a Pig's Stomach.

a Glands; b a Alupcular Layer;
r. Sulunueous Layi-r: _ d. '"ir-

eii'ar: e. LnntJitudinal Mus-
cular Layer; /, Outer Coat.

5.—Gastric Gland, the upper encl

looking downwards, x 100.

magnified representation of one of these glands.

Here we see (Fig. 5.) that the columnar cells are

found only in the upper portion of the gland, and that

the greater part is occupied by larger and more or

less rounded cells,

which fill up the

whole of the cavity

of the tube; these

last are known dis-

tinctively as the

peptic cells, and, in

some animals at any

rate, it is only by

the aid of parts of

the stomach in which

these cells are pre-

sent that gastric

digestion can be

efiected artificially.

Let us work this

out a little fmther.

It is probablyknown
to all ourreadersthat

the stomach of those

quadruped animals

which ruminate or

chew the cud is very much more complex than that

of man ; it is, in fine, divided into four compart-

ments, into two only of which the food passes,

before it has been returned to the mouth to undergo

the leisurely and complete mastication which takes

place during rumination. How complex it is the

accompanying figure (Fig. 6) will show ; to the right

of the reader thei-e will be seen an enormous sac

which ends blindly, and is obviously enough the

gi'eatly-dUated cardiac portion ; where this joins the

oesophagus (a) there is a smaller, irregularly quadrate

cavity, which is in free connection with the great

jMUiich (b), and this cavity, from the arrangement of

its mucous membrane, is known familiarly as the

Iwney-comb, and technically as the reticulum (c) ; as

the figure shows, the passage into the next division

is extremely naiTow, but what the figure does not

show is indicated by the name of the part : it is

called in English the many^^Uss, and in technical

language the psalterium (d) ; the former name indi-

cates its possession of a number of folds, while the

latter tells us that these folds are closely packed

one against the othei- like the leaves of a book ; the

particular name chosen may well be kept, because

it reminds us that the name was given by the old

anatomists, to whom the psalter was the most

common of all books, and perhaps the only one
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possessed by those whom they were addressing

;

this psalterium is connected by a groove directly

with the gullet. We can easily enough imagine

that bodies which have been able to make their

way through the closely-

fitting folds of the third

division have not much
difficulty in passing into

the fourth and last division

Pig. 6.—Stomach of Buminant.

a, CEsophagus ; b. Paunch; c. Reticulum ; d, Manyplies; e, Rennet-stomacU.

of the stomach, which is the only portion in which

the peptic glands are developed, and which, there-

fore, is used in making cheese, for by it the milk is

made to curdle or to run ; thence it is popularly

known as the rennet (e).

Now it is a remarkable fact, on which, how-

ever, we have no space to dilate as we might, that

in the horse, which is a close zoological ally of the

cow, the inner wall of the stomach can be easily

seen (Fig. 7) to consist of two distinct regions, one

of which alone pos-

sesses the secreting

cells
;

and, yet

more—to use the

words ofChauveau
—"it is not by an

insensible but a

sudden transition

that the mucous

membrane of the

stomach is thus

divided into two

portions; and their

separation is in-

dicated by a salient, more or less sinuous, and
sharply-marked ridge." Merely mentioning that in

the Camels, similarly hoofed animals, the paunch

becomes fitted to be a store-house for a large

quantity of water, and thus enables its possessors

to traverse long tracts of arid desert ; and leaving

out of all present consideration every other form of

Fig. 7.—stomach of Horse.
a. Cardiac Rt-gion of Stomach

;
b. Peptic

Region
; c, Pylorus.

stomach, we must, before leaving this part of our
subject, direct especial attention to the arrange-

ments which obtain in the blood-sucking Bat
(Desmodus) ; for what we shall see in this animal

will throw some light on the real

significance of the digestive pro-

cesses. Here we find, or rather

here Prof. Huxley has shown us,

that the cardiac portion of the

stomach is very large, and that the

pyloric region—or that in which the

peptic glands are chiefly developed

—

is exceedingly small ; to find the

reason for this, we have only to look

to the diffusible nature of the sub-

stance which forms the chief, if not

the only, means of nutrition for

these Vampires.

Whenwe pass through thepyhrus,

or gate of the stomach, we come upon

the intestine; this is broadly divided

into two portions, small and large,

which are in man and many of his allies distinctly

separated from one another by the formation, at

their point of junction, of a blind sac or caecum
;

the small intestine is coiled upon itself and is made
up of three regions, which are best, though not

very definitely, distinguished from one another by

the characters of their mucous membrane ; these

three parts are called respectively the duodenum

(because it is about the length of twelve human
finger-breadths), the jejunum (because it is generally

empty after death), and the ileum (or coiled por-

tion) ; the large intestine is colic or rectal, and the

colon is (1) ascending, (2) transverse, (3) descend-

ing. Into the minute structure of these parts,

their muscular bands or then connecting mesentery,

our space is now far too short to enable us to enter;

but a word must be said about the csecum, not

only because it is an admii-able instance (in man)

of what is known as a rudimentary organ, but

because it afibrds us an example of the fact that

similar contrivances have been resorted to in very

widely-separated forms, and presses on us the

important lesson that our laws are not always

Nature's laws, and that that danger is a real one

against which Wordsworth warned us, when he

spoke of

" That process by which we multiply distinctions,

Then deem that our puny boundaries are things that we
perceive,

And not that we hare made.""

These are, indeed, weighty words to bring to
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bear on such a little subject as the narrow and

somewhat short appendix to the csecum which has

got the name of vermiform ; but it will be well if

only we are reminded that nearly every natural

fact, comparatively treated, affords an instructive

lesson in disciplining the human mind.

These, then, are the facts : the wide caecum

suddenly diminishes very considerably in breadth,

and forms a "vermiform appendix"; this is always

found in man, and, curiously enough, in all the four

forms of the man-like apes ; here is obviously a

grand opportunity for a broad generalisation,

inasmuch as no other ape has such an appendix,

and it is one which has, doubtless, been insisted on

by some wi-iters. The value of the character is,

nevertheless, diminished by the fact, now quite well

known to all zoologists, that a very similar vermi-

foi'm appendix is also to be found in the Wombat,
which is very far from being a close zoological ally

to man, inasmuch as it belongs to that distinct

groiip of the mammals which are known as mar-

supials (the kangaroo, &c.).

This fact has been insisted upon in this detail,

for the pui'pose of expressly directing attention to

the fact that similarities ia arrangements are not

always, or of themselves, to be taken as the sole

mark of zoological affinity
;
community of ancestry,

not similarity in adaptation to very similar re-

quirements, must be always the test of real

affinities.

Our limits here prevent us from entering into

any account of the liver or of the pancreas, from

both of which many instructive lessons in the

processes of secretion might well be learnt. Even

as it is, we have seen enough to show us that a

careful study of even the most obvious parts of our

own digestive system may easily lead us to get some

glimpse into the wider laws which form the connect-

ing bands between the innumerable details of

Human Anatomy.

A PIECE o:

By John Huni

WE have here before us three specimens. One
looks like a piece of the finest white wax,

and is labelled paraffin ; the second is a dull black

piece of slate, or a slaty substance ; while the third

is liqiiid, and from its familiar odour seems to be

petroleum. These three specimens, in spite of their

apparent difierences, are nevertheless close allies

—

indeed, two of them may be described as the raw
materials of the other, which in some respects is

one of the most important substances in nature.

Its history, its discovery, and the chemical princi-

ples involved in its mode of extraction supply a

useful lesson in many of the applications of modern
chemistry, and, moreover, teach us much regarding

the nature of the all-pervading carbon of which it

is one of the many Protean forms. First, then, let

us see what " paraffin " is.

As its name indicates,* it is a siibstance which
exhibits, chemically, remarkable indifference to

other bodies : that is to say, for example, vitriol

and iron oxide when mixed form an entirely

new substance—sulphate of iron, which of course

is crystalline, and dissolves easily in water, and
is popularly known as copperas or green vitriol,

whei-eas when vitriol and paraffin are brought

* Latin, parum, little ; and affinis, akin.

PAEAFEIN".
F.E.P.S., ETC.

together there is no such change, there is no

chemical combination. The vitriol and iron oxide

have formed something quite different from them-

selves, viz., a beautiful green-coloured ci-ystal, the

constituents of wliich can no longer be mechanically

separated, while the vitriol and paraffin remain

vitriol and paraffin, and can be separated by simply

pouring the one from the other.

Paraffin, which in a state of purity is of a

beautifully white waxen appearance, can be ob-

tained by the destructive distillation t of such

materials as peat or coal, and also from petroleum

or rock oil, &c., but it is mainly derived—and that

as we will hereinafter show, in enormous quanti-

ties—from shals. The origin of these shale deposits

and of other paraffin-yielding formations becomes

therefore the first point for remark, and we cannot

better introduce this part of oiu- subject to the

t Distillation consists essentially in converting a liquid into

vapour by heating it in a close vessel, and then conveying the

vapour into a cool vessel, where it is condensed again into

liqidd. "Destructive distillation" is the term applied to the

process by which mineral, vegetable, and animal substances

are heated in closed vessels of the nature of "retorts," at a

temperature sufficiently high to decompose the original sub-

stance, and "obtain therefrom products possessing different

properties from the material which yielded them."
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reader than by saying that the origin of shales and

other oil-yielding strata is a question that has been

greatly discussed ; and of the many theories pro-

pounded regarding their formation, possibly there

are none of them but can be taken exception to.

Be that as it may, where such uncertainty obtains

we need not rush into wild speculation, but shall

content ourselves with making a few general re-

marks upon this head in addition to those already

published.* These will be mainly to demonstrate

the great antiquity of oil-yielding shales.

The term shalef was at one period applied to all

rocks splitting into thin layers—no matter what was

their composition—occurring in what the old writers

classified as Secondary and Tertiary formations. To

the rocks, again, of the primitive formations that

were of this thin splitting character the affix schist

was employed : hence the origin of such compound

words as mica-schist, talc-schist, &c., a method of

description that is still in use. Shales, however,

may pass through many modifications, and lose

theii- schistose, or splitting properties. It may also

be added that considerable liberties have been

taken with geological terms, and thus we have

some shales so named as to indicate little else than

the part they play in commerce.

That the oil shales are of vegetable or animal

origin—sometimes of the former, sometimes of the

latter, and at other times of both—seems to be

beyond dispute, if Palaeontology is to be relied on.

Paraffin-yielding substances—and by that we mean
coal, petroleum, shales, <kc.—are found in geological

formations of every period, from Tertiary down to

Lower Silurian, and by far the most important oil-

wells in the United States are in Devonian and

Siliuian rocks. In the petroleum districts the pro-

ducts from decomposed and decomposing vegetable

matter—we may almost with certainty say from

ancient, and in some cases submerged, forests

—

filter continuously and slowly through the under-

lying porous strata, finding their way into wells

from which the oil is drawn, while at other times,

upon tapping the rock, the petroleum flows rapidly

out, indicating in both cases the changes that are

going on, which are none other than Nature herself

performing majestically and surely what vast sums

of money and thousands of our fellow-men are in

this country employed daily in doing. That these

formations, then, are the outcome of vegetable and

animal matter that has imdergone, and is still

undergoing, extraordinary chemical changes, and

* "Science for All," Vol. I., p. 342.

+ German, schalen, to peel or shell off.

that they have been subjected to both enormous

heat and pressure through vast periods of time,

seems to be without a doubt.

To say that the ancients were unacquainted with

petroleum and paraffin oils, or even with the solid

paraffin itself, would be venturing a statement that

in all probability is not correct, for certain it is

that they were quite familiar with bitumen, naph-

tha, &c.—in fact, with mineral oils which Mother

Earth has for centuries been vomiting forth un-

aided and unchecked.

In the year 1761 black bituminous shale was

employed for the production of oils which were

used for the cure of certain diseases, but perhaps

the earliest trustworthy record we have of what in

all probability was the distillation of coal or shale

is 1694, in which year patents were granted "for

the production of pitch, tar, and oyle out of a kind

of stone." Whether it was that animal oils were

more plentiful at this period, or that at any rate

they were sufficient in propoi-tion to the popula-

tion, is a question which statisticians hesitate in

answering, but it is not difficult to observe that as

the population went on increasing enormously, the

importation and home production of animal oils,

was not carried on in anything like a proportional

ratio. It is, therefore, not to be wondered at that

many scientific and practical men followed in the

wake of these early discoverers, and that between

the year 1781 and the present time not fewer than

200 patents have seen light, these patents being

mainly for improved stills or retorts, or for some

modification of processes for manipulating paraffin-

yielding substances, such as shale, whereby a

greater proportion of marketable products are

obtained, oi-, as is the case in using a low instead

of a high temperature, the products from the

distillation ai'e of a more valuable nature. One

of the most intelligent of the observers towards the

close of the eighteenth century was the Earl of Dun-

donald. That nobleman, we are told, amused and

amazed his audiences in the year 1786 by distilling

coal or shale, and passing the incondensible gases

to the end of his lecture-table, where the gas was

burned.

Dundonald had, however, been working for some

years previously, and very systematically too, fo.

we know of his having produced in 1781 oils by

the destmctive distillation of a kind of coal
;
and, to

his credit be it said, these operations were carried

on in ovens in many—if not in most—respects

similar to those in use until a very few years ago,

and not widely difierent from those still employed.
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About the same period, 1781, other savans were

in the fiekl, who contributed not a little to our

knowledge of products of distillation, among the

foremost of the workers being Laurent, Eeiclien-

Fig. 1.—Cross Vei'tical Section of tlie Henderson Retort.

bach, and Gillespie ; and perhaps it was due more

to those men than to any others that the paraffin

indiistry became a reality, for as a result of their

labours tars and oils became marketable articles, and

extensively used both as lubricants and illuminants.

As has already been stated, during the century

that has passed—since 1781—patents

were rolled out more rapidly than

the years rolled on, but it was not

perhaps until the 7th day of October,

1850, that the foundation was laid

of what is now, and promises more

and more to be, one of the most

important industries in this and

other countries. On this date lettei-s

patent were granted to James
Young, then of Manchester, for the

" obtaining of paraffin oil, or an oil

containing paraffine, and pai-affin from bituminous

coals." Evidence is not wanting to prove that

this was the foundation of the pai-affin industry,

or that it was at least one of the turning points

in its whole histoiy.

The material upon which Mr. Young first worked

157

was the once famous but now practically exhausted

Torbane Hill mineral, a substance which was the

sul)ject of tedious and costly litigation between the

2)roprietor of tlie so-called coal-Jidds and his lessees.

The point which was tried to be settled was

whether this Torbane Hill minei'al was a coal or

something else, and in spite of the many chemists

and geologists engaged on one side or another the

result was a compromise. It is, howevei', now
little doubted that the Torbane Hill mineral was

not a coal, but that it was a trae and a remarkably

pure shale.

Paraffin is now obtained to a great extent from

the argillo- or calcareo - bituminoxis shales which

are girt by the sub-carboniferous or Burdiehouse

limestone formation. These are more commonly

known as the oil shales, and extend through-

out the counties of Edinbui-gh, Linlithgowshire,

Lanark, Fife, Ayr, and Renfrew.

But a few years ago the chief products from the

distillation of shale were the light and heavy, or

burning and lubricating oils ; the importation of

enormous quantities of American petroleum, how-

ever, so reduced the market value of paraffin oils

that necessity again asserted and maintained her

maternal dictum, with the result that a number of

patents have been granted for improvements in

processes and apparatus Avhereby products of de-

structive distillation of shale are obtained which

are of so much greater value that, whereas only a

few years ago paraffin-oil works were being carried

on at a loss—or, at best, only 2:>aying working

expenses—now the tables are so completely turned

that the production of paraffin is highly profitaVile.

We have thus seen that paraffin is derived from

Fig. 2.—Young's Eetort (Partial Section, and partial elevation).

the destructive distillation of shale. This ojDera-

tion, which was wont to be carried on in fire-clay

ovens or retorts, such as are used in gas works, is

now in Scotland almost universally conducted in

cast-iron vertical retorts, as represented in Figs. 1

and 2. Fig. 1 is knovm as the Henderson Retort,
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and Fig. 2 is the retort, &c., of Mr. Young, late of

Straiton, now of Clippens.

In the Henderson retort. A, the oven, b, is con-

structed in brickwork in much the usual way, and

there is formed in the lower part of the building a

large fire chamber or fuel space, c, which is divided

across its lower part by a partition, d, which may
be of brick, but which preferably consists of an

ii'on casing formed with serpentine or tortuous

internal passages for the conveying and super-

lieating of gas or steam, which is introduced at the

lop of the retort by pipe T.

The fire chamber, c, is surmounted by an arched

roof, E, along the centre of which apertures, f, are

formed for the passage of the fire gases into the

oven space, B, above. The fire gases are led at

first towards the upper part of the oven, b, by

vertical flue walls or screens, G, and they finally

])ass off from the oven by chimney, h, leading from

the outei' bottom parts thereof. Tlie bottom of

each retort, A, is formed with its inner side bevelled,

and it is built into and projects down through the

.sole or floor, k, of the oven, B. The discharge

opening, l, of the retort is formed at the extreme

Ijottom end, and it and the cover, Ji, are slightly

inclined from the horizontal, the lower end being-

outermost, so that oil falling on the cover may run

down it towards the oil outlet, N.

The oil outlet, N, is covered by a grating to pre-

vent the entrance into it of the shale or mineral.

The retort bottom, L, is situated in a casement or

space, o, made with an iron framing fixed in the

liuilding, and with its inner end opening into the

fire chamber, c, whilst it is also open on its outer

side. In the casement, o, there is an inclined

valve, P, consisting of an iron frame, lined or fitted

with fire-clay, and arranged to turn on journals at

its bottom corners. This valve, when in the posi-

tion in which it is shown in Fig. 1, separates the

laottom, L, of the retoi't from the central fire

chamber, c, and thus completely prevents the fire

from injuring the cover or door, M, and its fittings.

Wlien, however, the cover, m, is removed, the val ve,

p, can be turned over into the position in which it

is shown at the right-hand side of Fig. 1, and it

tlien forms an inclined plane or shoot to guide down

the spent shale from the retort, a, into the fire

chamber, c. The cover is made tight with a suitable

luting, such as a mixture of lime and clay; a le\-er

works in bearings at the bottom of the casement,

Q, so as to remove cover, m, away from the retort.

In order to fix the cover, Ji, tightly when in posi-

tion, a wedge is driven in at each side of the case-

anent. Within the bottom of the retort there is a

grating, R, keeping up the shale or mineral until it

is to be discharged, and this grating is hinged at

its upper corners to snags cast inside the retort,

whilst it is held iip in a position by a strut hinged

to one side of it, and which is drawn away out-

wards by means of a hook after the door, m, has

been removed and the valve, p, turned over out-

wards to allow the spent shale or mineral to be

discharged fi'om the retort, and to descend into the

fire chamber, c. The bottom of the fire chamber,

c, is provided with a movable bottom, s, which is

hinged at the back, and wrought by a counterpoise

weight at the front, which admits of the easy re-

moval of the ashes er exhausted earthy matter into

wagons below.

The old process emploj^ed consisted in charging

the retort with shale and applying heat to the

bottom of the retort by burning coal. So soon as

all that Avas volatilisable was expelled from the

retort, the fire was " drawn," and the " spent shale,"

or residue after distillation, put into iron trucks,

which Avere emptied at some convenient spot close

by, the result being the accumulation of luige

" bings " of smouldering material so familiar to

every visitor to these oil-works.

Now, however, the lately so-called spent shale,

which contains a considerable proportion of carbon,

is allowed to drop by the openings l and p (Fig.

1) into the fire-place, c, where it mixes with atmo-

spheric air, and also with the incondensible gases

passing into the heating chamber, c, by the aper-

tures F, and by these aids—air and gas—the carbon

in the spent shale is burned. Thus the process is

now a continuous one, little fuel being iised save

what until recently were almost entirely waste

products. In fact, whereas a neiv fire of coal or

other heat-producing material was necessaiy for

every charge of a few hundredweights of shale,

now, once started, the process is practically an end-

less one, and but for the fact that it is advisable to

clear out the passages—for the products of the

distillation—each week, it might be looked upon as

so far a " perpetual " one that it can go on just as

long as the retort Avill last, but little extraneous

fuel being required, save what is necessary for t3ie

first kindling.

Briefly described, the whole process for the pro-

duction of paraflin is as follows :

—

The shale, on being " mined," is placed in cagei

and raised to the surface, where it is emptied into a

machine that breaks it into pieces of a convenient

size ; from this breaker it drops into trucks or
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]iutches, and by an ingeniously applied endless rope

tlio trucks are pulled to and from the retorts into

wliicl) they are emptied, withoiit the shale being

handled since leaving the pit bottom. Tlie products

from the first distillation are spent shale—used as

fuel to heat the next charge—ammonia water, and

crude oil. The ammonia water, when boiled, yields

its ammonia as a vapour, which is passed into

sulphuric acid, and forms sulphate of ammonia,

used mainly for agricultural purposes. The crude

oil passes on to the refineiy, where it is distilled to

dryness, the products being coke and green oil.

The green oil is treated alternately with sulphuric

acid and caustic soda solution, each of these treat-

ments yielding a black tar, which sinks to the

bottom of the tank, leaving the oil on the top.

Green oil is again distilled, and yields light

—

or burning—oil, and heavy oil and paraffin. The

Uyht oil, if not now suflBciently free from colour

and odour after treatment with salplmvic acid and

caustic soda, is again distilled \\\\ti\ pure enough to

send to market. Cold, if we may so exjiress it, is

conveyed from a freezing machine to the mixed

heavy oil and pai-aiiin, the resulting low tempera-

ture causing the pai'afiin to crystallise, so that when

the mixture is put into the press (Fig. 3), Ijy

opening A, the oil is expelled at from b to c, leaving

behind the solid paraffin.

Necessarily we have omitted a great amount of

detail of the process, such as production of naphtha,

" still grease," employment of steam at some of the

distillations, Ac. Suffice it to say nothing need be

lost in a properly conducted work. Spare steam

can always be used up ; the tars can be profitably

employed, either by mixing the acid and soda tars

and heating them by waste steam, the jjroducts on

cooling being— 1st, tar, to be used as fuel, and

2ndly, sulphate of soda, a salt of some commercial

•\"alue ; or the acid tar alone similarly treated will

yield— 1st, tar, and 2ndly, sulphuric acid, to be

employed for absorbing ammonia at the first opera-

tion, the distillation of the shale. In these two

operations, after cooling, the tar separates almost

perfectly, in the first case, from the soda sulphate,

and in the second from the sulphuric acid, which is

run oS by a stopcock at the bottom of the settling-

tank, leaving the supernatant layer of tar behind.

What, then, are the properties of the chief sub-

stance left behind 1 Paraffin (of which Eeichen-

bacli is said to have been the discoverer) we ha^'e

seen is a wax-like, white or colourless crystalline

substance, and it is both inodorous and tasteless.

It possesses none of the staining properties of oil.

and in that I'eapect leaves no impression upon

papei', which therefore may be employed for pro-

tecting paraffin specimens from dust, &e. Tlio

ineltlii'j piiint of paraffin A'aries to some extent,

these variations being probably due, iu some

measure at least, to tlie temperature employed iu

the distillation, as well as to the source from which

the paraffin has been o1:)tained, but it is generally

stated as being from 110~' to Fahr., and it

has a specific gravity of 0'870. When brought to

the boiling point it gives off white fumes, and

when it is ignited it burns with a beautifully clear

white light, and leasees no residue or ash. When
subjected to dry distillation it undergoes no change,

i.e., it is not decomposed, neither is it affected by

the strongest acids or alkalies, but it is miscible by

fusion with such substances as resin, phosphorus,

sulphur, and wax, and it is in this last condjiiux-

tion—namely with wax—that paraffin is emploj^ed

for candle-making, for the reason that the mixture

do?s not melt so easily,—in fact, has a higher

melting-point than parafiin alone, the candles so

made being consequently much more durable.

Paraffin may also be used in lamps for illuminating

purposes when it is dissolved in hydro-carbon oils,

and in this combination it emits a In-illiant white

light ; but the di'awback is that the paraffin is liable

to separate from the oils in cold weather, and

therefore will not ascend the wick. It dissolves

easily in ether and in essential oils, and the softer

description of paraffin, when dissolved in naphtha

and mixed with about one-twentieth of its weight

of vegetaljle oils, forms a material that is excel-

lently suited for waterproofing cloth, linen, india-

rubber hose, leather, and so on, these fal)rics, &e.,

besides being rendered waterproof, having their

tensile strength very greatly increased. Paraffin

is also largely \ised for pres'enting decom[)osition of

preserved and natural fruits alike, and it has also

been somewhat successfully used for coatil^g im-

ported butcher's meat. In lucifer-match-making

also, paraffin has done good service, for these articles

of commodity, when the wood has been treated

with melted pai-affin, ignite easily, and burn with-

out producing any siich disagreeable odour as is

the case with suli)hur matches. Brewei-s, again,

have resorted to the use of paraffin for coating

barrels, the object being to prevent beer which has

" soured," or is undergoing any other fermentative

process, from so affecting the wood as to impart con-

tamination to future contents of the cask. Spinners

and weavers likewise have of late years employed

paraffin to a considerable extent in the manufac-
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ture of yarn and cloth. Cork, which is very

porous, may be rendered comparatively impervious

to air by sinking it in a vessel containing melted

paraffin, placing that under an air-pump receiver,

and exhausting the air. Immediately air is again

allowed to enter the receiver—which must, of

course, be done while the paraffin is still liquid—the

paraffin is forced into every pore of the cork, which

S-ig. 3.-]

paraffin, and wliich is now known in medicine
as " vaseline," is rapidly disjilacing the employ-
ment of lard, (fee. in the preparation of medical
ointments, because of its paraffin-like propertiefj

of being tasteless and inodorous, and of its non-
liability to become rancid.

Some idea of the importance of the paraffin

industry may be gathered from the following table,

Filter Press.

thus becomes, as we have said, practically imper-

vious. Paraffin is piit to many other uses, among

those being its employment as an " insulator," and

for this purpose it is undoubtedly one of the best

substances at the command of electricians, probably

on account of its freedom from, and iion-liability to

absorb, water.

In medicine or surgeiy possibly the only iise to

which shale paraffin is put is in the dressing of

wounds, but there is a substance which is obtained

by boiling petroleum and repeatedly filtering it

through animal charcoal—a similar process to that

employed for separating sugar from organic and

other impurities—that has come to be almost

universally used by druggists. This material,

which we may be allowed to vicAV as petroleum

which is an approximate, and probably very accurate,

estimate of its position in 1880 :

—

In Scotland alone the capital em-

plo}'ed is

rSliale distilled

Coal used in manufacture

Sulphate of ammonia produced

Naphtha produced ...

\ Burning oil produced

j

Lubricating oils ,,

Crude paraffin ,,

Ecfined paraffin „

j
£1,300,000

800,000 tons

350,000 „

4,200 ,,

1,300,000 gallons

10,400,000 „
3,900,000 „

7,500 tons

5,000 „

This refined paraffin, which is used in candle-

making, reckoning that every pound of paraffin

gives fifteen candles, is capable of producing the

enormous number of 168,000,000 candle's.
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In refining the above-named products there are

:required :

—

Sulphuric acid 10,000 tons

Caustic soda (6O0/0) 1,200 „

Viewed chemically, the paraffins are a series of

componnds of carbon and hydrogen, and are called

-saturated hydro-carhons, because the number of

atoms of hydrogen exist in the fullest proportion

in which these two elements—carbon and hydro-

gen—can combine, and furthermore the hydro-

carbons of this series cannot combine directly with

any other element. Thus, before chlorine can form

a part of a molecule of one of those hydro-carbons,

an atom of hydrogen must first be removed. The

lowest of the series—marsh gas—has the compo-

sition OH4 (that is, one atom of carbon and four of

hydrogen) ; the second—or ethane—has two atoms

of carbon and six of hydrogen (O.H,;), then follows

propane (CaHg), each succeeding member being ob-

tained by one additional atom of carbon and two of

hydrogen. The solid parafiin, which has been the sub-

ject of this paper, is probably a mixture of several

members of this series of " saturated hydro-carbons."

That the present method of manipulating shale

will ere long undergo considerable change seems

more than probable, for at this moment attempts

are being made to supplement the production of

ammonia (which is a compound of hydrogen and

nitrogen) by so constructing the retorts that nitro-

gen may be absorbed or taken from the air. If

such a jjrocess be perfected and set in operation,

and if the present composition of the air be neces-

sary for the existence of man as he is, then it may

follow that destroying the balance of what we

require to breathe may proportionately modify

species. But whether that jnodification will be

in the direction of degradation, improvement, or

" in improving off the face of the earth," it is need-

less speculating. Unnumbered ages ago the ma-

terials of light were entombed in the clays of the

earth, there to remain until man required them.

It will be a stranger revolution still should man,

in his greed or his necessities, deprive his race of

the air necessary for his being, in order to obtain

the light and comfort which are stored up in the

rocks for his use !

FOGS.
By Kokeut James ilAxx, M.D., F.E.C.S., F.E.A.S., etc.

SIXTY years ago, and immediately before he

was placed in the distinguished position of

President of the Royal Society, Sir Humphry Davy
•occupied himself, whilst travelling upon the Con-

tinent, with some interesting observations relating

to the atmospheric conditions that ai'e connected

with the production of mist and fog, and he shortly

afterwards gave an account of the conclusions at

which he had arrived in a paper which was printed

in the "Philosophical Transactions" of 1819. In

that communication he states that he noticed as he

passed along the Danube, between Ratisbon and

Tienna, mist appeared in the evening upon the

river only when the water was from three to six

degi-ees warmer than the air, and always dis-

iippeared in the morning as soon as the temperature

•of the air had risen above that of the water. On
a certain evening in June, at a spot where the

rivers Inn and Ilz flow into the Danube, when the

temperature of the air was 54°, the water of the

Danube was 62", that of the Inn .561°, and that

of the Ilz 56", the whole surface of the Danube
was covered ^vith a thick fog, the Inn had only a

slight mist over it, and the air above the Ilz was

quite clear. On the following evening the tempera-

ture of the air was 63% and higher than that of

the water, and no fog was visible anywhere up to

the time of the last gleam of the fading twilight.

Perfectly similar results were met with on the

Rhine, Save, Isonzo, Po, and Tiber, and on the

small lakes upon the Campagna, near Rome. Mist

never appeared when the temperature of the air

was higher than that of the river. These early

observations of Davy left no doubt as to one

important cause of the formation of mist in the

valleys of rivers. Tlie comparatively warm water

steams its vapour up into the superincumbent air

mitil this is charged with as large an amount as it

can contain in an invisible state. But the full

saturation of the air does not put a stop to the yet

further rise of vapour. Evaporation still goes on,

and the surplus of the vapour forthwith appears in

the visible form of aqueous vesicles. The colder

the air in reference to the water the sooner the

point of aqueous jn-ecipitation is reached. If there

is a briskly moving wind, the mist may be drifted
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away pretty nearly as rapidly as it is formed ; but

if the air is comparatively still, the gathering mist

deepens and spreads far beyond the position in

which it is primarily generated by tlie action of

condensation, and hangs over the valley until the

conditions of the atmosphere and water are changed.

White mist may often be seen in process of trans-

port by very gentle currents of air from the places

where it is formed. Mr. Dines, a meteorologist

who has given close attention to what may be

termed tlie dynamics of mist, on one memorable

occasion saw white haze advancing steadily through

a gap in a hedge near Cobham, and crossing a

road to get under the shelter of a neighbouring-

wood.

It is quite easy to understand, under the sugges-

tion of these direct observations by Sir Humphry
Davy, why it is that night mists so commonly hang

o\er the surface of large rivei's until they are

dispersed by the beams of the rising sun. The

cooling of a considerable body of water neces-

sarily takes a longer time than the cooling of a

corresponding area of solid ground. The cooling

of the ground is restricted to a very moderate dejitli,

because the heat from below does not travel \\p to

the actual surface as readily as it is radiated oft"

from that sui-face into the air. But whenever the

immediate surface of any considerable collection of

water has been reduced to fu temperature of about

45", that portion of the liquid grows heavy and

sinks, and warmer water from below rises iip to

take its place. On this account the surface of

water cannot become the coolest part of the mass

until the whole has been chilled to something like

40'. Water, therefore, which has acquired about

the same temperature as the neighbouring land by

day generally remains Avarmer after sunset and

thiwgh the night. Its comparatively high tempera-

ture is sustained by the store of lieat which is

being continually brouglit wp towards the surface

from the greater deptlis. The air above the land

thus habitually becomes cooler at night than that

above the water. The air is kept warm by the

water and cooled by the land. If theiefore, in both

situations it contains the same inherent amount

of aqueous vapour, some portion of this is preci-

pitated as mist whenever tlie cold air of the land

is mixed with tlie warm air of the water, and the

precipitation is the more abundant in proportion as

the surrounding land is higher, the water deeper,

and its temperature greater. Mist occasionally

forms over grass when adjoining bare ground is

clear, simply because the rapid radiation of heat

from the grass more speedily brings the superjacent

air to a temjjerature low enough to produce the

condensation of its vapour. When newly-]>loughed

ground becomes covered with mist whilst the

neighbouring pastures remain clear, that is due

to the circumstance that the freshly turned-up soil

is warmer than the grass, and in a state more

favourable to the copious emission of its moisture

as vajjour. The effective cause of the production

of mist is the sudden chilling of warm moist air.

But it is quite immaterial how this is brought

about ; it is of no consequence whether the chill

is applied from above or from below. In the case

of a broad and gently flowing river, such as the-

Thames, the chilling influence most commonly acts

from above ; but it is quite possible, even with a

ruiming stream, that matters may be reversed.

Sir John Herscliel has drawn attention to the

circumstance that cold mountain streams cover

themselves with mist as soon as they reach low and

comparatively warm levels of the atmosphere. In

such instances they carry in themselves the cold

Avhich is essential for tlie condensation of the

vapour, and the mist appears because the air is

warmer than the water.

Still, as well as cold, air is requisite for any

dense accumulation of mist, because moA-ing air,

even Avlien it is cold, may serve to sweep away

vapour as rapidly as it is thi-own down. It is on

this account that mists are so prevalent in low and

sheltered situations. It is no unusual thing to

find the wind-swept open reaches of rivers covered

with clear air when mist is hanging thick upon

more sheltered parts. Sir Humphry Davy ob-

served upon one occasion that the surface of the

Danube remained clear at night, although the water

had a temperature of 61°, when that of the air Avas

only 54° ; but this happened AAdien a strong and

diy easterly Avind was bloAviiig upon the riA'er.

Brisk movement of the air is also uiifaA^ourable to

the production of mist for another reason : it tends

to equalise the temperature at contiguous places,

and so to preA^ent the sudden commingling of hot

and cold masses of air.

A mist is tlius, in reality, a shalloAV cloud resting

in contact with the surface of moist ground or of

Avater, and formed by the influence of cold, either-

bi-ought by a cun-ent of Avater or Avind, or caused

by the action of radiation. Fog differs from mist

only in the circumstance that it is of larger extent

and greater depth. It is mist accumulated until

it is of more considerable dimensions. The Avord

fog is apparently deriA'ed from the old Anglo-
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Saxon term wliicli signified to " collect " or

" gather."*

The London fog, which is so inipleasant a

characteristic of the great city during a con-

siderable portion of the season of winter, is

unquestionably connected with tlie circumstance

that this vast metropolis stands in the broad valley

•of the Thames. The water of the river remains

comparatively warm when the superjacent air has

been considerably i-educed in temperature, and

consequently the vapour which steams out from the

warm water is chilled almost immediately into mist.

If there is a brisk movement of the wind across

the river the mist may be swept away as rapidly

as it formed ; but if the air is approximately still

the mist gradually gathers over the river, and

^spreads up the sloping sides of the valley. The

windings of the stream have been seen from a

balloon floating at a great elevation above, traced

out for a considerable distance by an unbroken

sinuous line of fog. With a gentle wind sweeping

transversely to the general direction of the stream,

the fog drifts slowly along from the spot where it

is formed, and it is on this account that it is so

often prevalent in one district of London when no

trace of it appears on the opposite side of the

metropolis. With a north wind the fog haunts the

southern banks of the river and the southern

slopes of the valley ; with a south wind it only

rests on the north side of the river. On the after-

noon of the 18th of October, 1877, Mr. Whipple,

the superintendent of the observatory at Kew, saw
a low dense sheet of mist, half a mile wide, move
across the Eichmond Park in what seemed to be

at the time an absolute calm. Tiie air was
so perfectly still that the smoke was ascending

iis a perpendicular column. The lower surface of

the mist was about twenty feet above the ground,

and the whole mass drifted steadily along from the

north-east over Richmond. It was observed just

at the same time that the smoke of the chimneys
at Kingston rose perpendicularly for a considerable

distance into the air, and then spread itself out

into a horizontal sheet. The fog-drift in the Eich-

mond Park was most probably due to an upper
current of wind moving gently along over an
undisturbed layer of the atmosphere beneath.

Mr. Dines holds that mists are often formed in

consequence of the entire body of the air being
..suddenly chilled to a considerable distance above
the ground by some unascertained physical

-agency, and urges that this probability must not

* Fegan—to collect or gather.

be lost sight of in our investigation of the

natural history of fog.

But tliat peculiar form of mist which is

inihappily known as London fog is something

more than water condensed in moist air by the

influence of chill. In the dense white mist of the

open valleys large oljjects, like the level top of a

wall, can be seen by dayliglit through the obscured

air as far as two hundred yards away. In a

genuine London fog the same object would not be

visible at a distance of two yards. In such cireum-

stances the bright flame of the gas-lamp entirely

disappears at night at a distance of sixty paces, or

from 120 to 150 feet. In the November fog of the

metropolitan streets the gas-lamps are not visible

from each other. Each light onlv elimmers into

sight after the advancing pedestiian has passed the

adjoining lamp-post, and plunged some distance

forward into the gloom. This dense obscuiity of

the London fog is due to the fact that it consists of

smoke as well as mist. The smoke, which is the

ordinary product of the impei-fect combustion of

coal, gas, and other compounds of hydrogen and

cai'ljon in the thickly-peopled city, gets arrested

for a time in some form of entanglement with the

mist, and accumulates with it until the compound

becomes more or less impervious to the vibrations

of light.

That carbon is habitually deposited in the smoke-

laden air over London in a very substantial form,

and i"^^ very considei'able cpxantity, is only too

obvious in the shower of black flakes that so con-

tinuously falls, and that so pertinaciously and

obtrusively penetrates wherever any crevice is left

open for its reception. The smoke which pours out

into the air from the chimney-tops is all carbon in

an unconsumed state. It is charcoal disintegrated

into the condition of a loose flocculent powder by
the action of fire, and then drifted away upon the

currents of heated air which are driven up the flues.

It has l^een ascertained that as much as nine per

cent, of the fuel that is devoted to the maintenance

of artificial fires in London escapes unconsumed up
the chimneys as smoke. Under ordinary circum-

stances these unconsumed fragments of the 1)lack

charcoal are carried at once away l)y the wind to

be deposited far and wide upon the ground. But
when the air is still and laden with mist, the black

substance is suspended "vvith the mist, and so hangs

as a nuuky canopy over the town. The black

particles which are caiTied up into the air very

rapidly radiate, or throw ofl' their heat, as all rough

and dark bodies do, and there is then a coating of
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moisture deposited round them from tlie damp air

as soon as they are cold enough to produce a con-

densation of the vapour. In air fully saturated

with moisture this goes on until each chilled floccule

of carbon has its own aqueous film surrounding it

as an investment. The gathering mist is then com-

j^osed of white vesicles of water, containing dark

carbonaceous kernels within ; the mist-spherules

are moulded upon central granules of charcoal.

But simultaneously with, or in addition to, this

there is another form in which carbonaceous

su'/Stance is in all probability connected with the

mist-spherules in London fog, to which Dr. Frank-

land, Professor of Chemistry in the School of

Mines, has been the first to draw pointed atten-

tion.*

Dr. Frankland was led to the conclusions at

which he has ari-ived in this matter by observing

that the dark London fog is often "a dry fog"
—that is to say, that ifc not unfrequently occurs

when the air is far from being itself saturated with

moisture. On the 17th of October, in the year 1878,

at a time when a dense black fog was hanging over

London, observations with proper meteorological

instruments showed that the humidity was only

80 23er cent.—or, in other words, that the air still

had a capacity for receiving as much as a fifth part

more aqueous vapour before it was so saturated

that the deposition of visible mist must ensue.

Upon following up the suggestion which was pre-

sented in this way, and extending his inquiry to

other instances of dark fog, it soon appeared that

this was by no means an imusual circumstance, and

that the dryness of the fog was far from being an

exceptional occurrence. In eighteen fogs concerning

which he was able to get exact scientific infor-

mation the humidity ranged between 50'' and 87°,

and in iio one case did it approach to satura-

tion. This, of course, could only mean that the

clear intervals of air intervening between the

aqueous spherules of the mist were compai-atively

dry, or in other words, that the condensed moistui'e

which was unquestionably present in those mist-

spherules was so shut up in them that it could not

produce its natural effect in moistening also the

circumambient air. The question therefore quite

naturally occurred whether the opaque light-inter-

cepting or carbonaceous ingredient of the fog

might not be the cause of this shutting up, or

insulation of the deposited moisture, and it was to

the determination of this question that Professor

* "Proceedings of the Eoyal Society," Vol. XXVIII.,
Ko. 192.

Frankland pi'oceeded to aj^ply the test of exj^eri-

ment.

He first placed two shallow platinum dishes of

exactly the same size, and containing the same

quantity of water, side by side in a draught of air,

and he then poured a thin film of coal-tar over

the surface of the water in one of the dishes. After

twenty-four hours he found that the unprotected

water had lost 111 grains by evaporation, but that

the water covered by the coal-tar had lost onlj-

seventeen grains. In another experiment, in order

to approach still more nearly to the exact condition

that prevails in smoke-laden air, the smoke from

burning coals was blown for some time over the

surface of the water in one of the dishes, instead of

floating coal-tar upon it, and then after eighteen

hours' exposure to the draught the uncovei-ed water

lost sixty-six grains by evaporation, and the smoke-

prot-ected water only fifteen grains. Other experi-

ments of a similar character were made, in some of

which the evaporation was produced under large

bell-jars into air kept dry by concentrated sulphmic

acid, instead of by an open draught, and in all a

similar result was obtained. The tar-covered

or smoke-protected water had its evaporation

materially retai'ded. Dr. Frankland next pro-

ceeded to coat single drops of water, suspended in

loops of platinum wii-e, with coal-tar and with

deposits from coal smoke, and then left them for

some hours exposed in dry air. In these instances

he found it somewhat difficult to prevent the

protecting films from runiiing up the platinum

v\^ire from the drops. But he was nevertheless

able to get results which left no doubt that

drops covered in this way had their evaporation

materially diminished. The covering films served

to shut in and confine the moisture, and to prevent

it from extending its influence to the surrounding

air.

From these very beautiful and ingenious ex-

periments, therefore, Dr. Frankland has been led to

infer that the London fog is a dark fog, yellow or

black, because the spherules of its mist are coated

over with an opaque pig-ment of a volatile nature

generated by the destructive distillation of coal,

and conveyed to them by the smoke, and that it is

a dry fog because the spherules of moisture are

shut up within these coverings of varnish. The

mist is incarcerated as rapidly as it is generated in

little impervious bags, which are fabi'icated out of

a product of the combustion of fuel that is volatile

and easily diff'used at high temperatures, but that

ceases to be so when chilled down to the ordinary
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temperatures at which aqueous vapour is deposited

ill tlie outer air. It is these dark carbonaceous

tar-like deposits that render the London fog so

irritating to the sensitive membranes of the eyes,

and of the nose and lungs, when it is breathed.

Fogs which have had their mist-spherules painted

over in this way are obviously in the best possible

condition for the interception of light. Every one

is aware that a piece of well-snioked glass may
readily be made so impervious to light that the full

blaze of the noontide sun may be looked at through

it without any other protection for the eye. All

observers who have been in the habit of contemplat-

ing the sun through smoked glass will know that

the ap2)earance communicated to its luminous face

is precisely similar to that which it assumes when

it is looked at through a yellow Loudon fog. In

the case of the fog, the light which attempts to

penetrate through the mass is stopped and turned

back by the numerous opaque particles that stand

in its path. As it makes its way on into the crowd

of the thickly-serried molecules it is reflected from

their impenetrable surfaces again and again, and

some portion o^ it is absorbed and quenched with

each reflection, until in the end no luminous impulse

lemains. In very dark fogs the obscurity some-

times approaches very nearly indeed to the absolute

darkness of night. But this occurs only over large

towns, where there is an ample supply of the smoke

pigment for the coating of the mist-spherules.

In considering the nature of yellow town fogs it

must not be altogether lost sight of that there is

yet another source of contanaination and impurity

besides the coal-fires and gas-flames, which is con-

tinually yielding some additional contribution to

the stagnant mass. In London, besides the larger

tires, there are more than three millions and a half

of slow furnaces pouring out their waste exhalations

and vapours upon a miniature scale. It has been

calculated that not less than 800 tons of charcoal

are sent up into the air every day from the lungs

of the living and breathing human inhabitants

of London alone, without taking any account of

the vast crowd of lower animals that ai'e their

jissociates and dependents. These are not seen,

because, happily, these slow furnaces accomplish the

task which the brisker and larger fires leave in-

complete
;

they do consume their own smoke.

They convert the exhaled cai'bon into an altogether

transparent and invisible gas. But this invisible

exhalation is all mingled in with the stagnating

^apours that are collected in fog. That a con-

siderable amount of moisture is contributed to the
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air from the lungs of human beings is plainly

indicated in the cloud of mist which is seen to

issue from the mouth at each expiration on a cold

frosty day. Scarcely less than two million pints of

water are furnished to the air over London every

twenty-four hours froui this source. This water

contains a considerable amount of volatile exhala-

tions, resulting from the chemical operations iu

progress within the living and breathing organisms,

and all these are added to the ingredients arrested

with the condensed moisture in time of fog.

Dense fogs are unfortunately, howevei', not con-

fined to the valleys of rivers and to the neighbour-

hood of thickly-peopled towns. They occur upon

the sea whenever the water of the ocean is warmer

than the air that is resting or moving upon its

surface, and this is especially apt to occur in the

inunediate vicinity of coasts, where a chill atmo-

sphere is most apt to be rapidly generated at night.

The fog in such situations is a very unwelcome and

inconvenient incident, on account of the delay and

danger it entails upon appi'oaching ships, which

cease in such circumstances to be able to avail

themselves of visible landmarks scattered along

the coast. The long list of accidents occurring to

vessels in fogs sufliciently indicates the peril with

which even the white sea-mists are attended.

The importance of an organised system of signals

around frequented coasts M'hich can be seen by

night as well as by day is i-ecognised by all civilised

nations that have maritime frontiers. The coasts

of Great Britain ai-e studded at night by a Ijelt of

warning lights, which not only tell approaching

mariners of the propinquity of land, but also in a

language of their own inform them of the nature

and position of that land, so that it can be identified

upon the chart. It has been calculated that there

is not less than a line of 9,392 miles of coast-line

surrounding the British Islands. Upon a recent

occasion when a careful survey was made it was

found that at that period there was a lighthouse

to every fourteen miles of coast in England, to

every thirty-four miles in Ireland, and to every

thirty-nine miles in Scotland. When the floating

lights were added to the tale it appeared that there

were lights, upon an average, within twelve miles

of each other all round the sea-shore of England.

The first plan adopted for establishing night sigaials

of this character upon the coasts consisted of the

obvious device of lighting fires upon the projecting

prominences of the shore ; but soon it occurred

that ii was advantageous to build tosvers for the

I'cception of these signal fires, because they then
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became visible at a greater distance out at sea.

Wood or coal fii-es were then kindled in iron

baskets, which were placed at the summit of the

towers. Tlie earliest fixed lighthoiise of tliis clia-

I'acter of which any trustworthy recoi'd remains is

that which stood upon the island of Pharos, in the

sea-approach to the harbour of Alexandria, and

which was biiilt by Ptolemy Philadelphus, two
thousand three liundred and fifty years ago. It is

stiid that the fire in this tower was visible forty-

five miles away. There is the ruin of an old light-

house near the castle at Dover of a similar kind,

which is reputed to have been established during

the Roman occupation of England. When the

first Eddystone lighthouse was opened, in the year

1759, the fires of the earlier time had been super-

seded by candles. Oil-lamps were introduced in

the place of candles by the French engineer Borda,

between 1780 and 1790, with polished reflectors

behind to increase the brilliance of the light. The

imjjroved system of Fresnel, in which transjiarent

lenses and prisms of glass were placed in front of

the lamjis to collect the luminous rays, and to con-

centrate them into flashes which could be thrown

in certain definite directions over the sea, was

brought into operation in 1825. In the best

arrangements of this system oil-lamps with four

concentric burners are used, and many lamps are

combined to constitute each light. The best lights

of this class are so bright that they are capable of

penetrating the darkness on a clear night for thirty

miles, but in order that they may be seen from the

sea at such a distance it would be necessary that they

sliould be raised 594 feet into the air. The Eddy-

stone lighthouse, which has been replaced by a new
and loftier structure, has a light ninety feet high,

and visible nine miles away. The generality of

.shore lights have lanterns from 110 to 220 feet

liigh, nm\ are A'isible at distances from fifteen to

twenty miles; and this is held to be enough for all

practical purposes of utility.

In most of the lighthouses of the present day a

"^•ery much stronger light is, however, jirovided

than is required on clear nights at the distances

fi'om which it can be seen. The reason for this is

that a provision has in this way to be made for

times when there is some haziness or obscura-

tion in the air from fog. Arrangements are also

made in the best appointed lighthouses to bring

additional powers of illumination into play when
the fog thickens upon the sea. Lamps with six

concentric wicks have been devised for this sup-

plementary service of exceptional need by Mr.

Douglass, the engineer of the Trinity House. Gas-

has also been for the same reason introduced into

lighthouses, principally through the enterprise and

ingenuity of Mr. Wigham, of Dublin. He has

provided a gas-service in some of the lighthouses

of Ireland, in which the light for ordinary night

service in clear air is supplied by the flames of

twenty-eight gas jets, but in which 108 jets can be

lit up in time of fog. There is one lighthou.se at

Gralley Head in which three burners with 324 jets

can be drawn up in great emergency. The electric

light is a more powerful soiree of illumination

than gas. The Gramme machine, which furnishes

the light of the clock tower at Westminster Palace

during the sitting of Parliament, gives an illumina-

tion equal to that of 900 Argand flames, or-

of 7,200 candles, and the Siemens machine is

competent to furnish even as much light again as

this. It is a part of the piinciple, which is

being gradually introd\iced, of arranging electrical

illumination for lighthouses, that there shall always

be additional machines in reserve, to be turned on

in times of exceptional emergency.

But it is still only in circvimstances of the-

prevalence of a moderate amount of haze that

increased intensity of illumination can be of any

practical avail. With dense fog the brightest

lights that can be supplied are useless at very

limited distances. On this account sound-signals-

have to be chiefly relied upon ; when lights cannot

be seen, bells, horns, and whistles are employed,

and above all, explosions of gunpowder, with more

or less of success, and in recent years exact

experiments have been instituted to ascertain the

best form of gun for giving fog-signals by sound at

long distances. Short bronze howitzers, carrying a

charge of th]-ee j)Ounds of gunpowder, were first

employed, because it was thought that bronze

Avould give a better sound than iron, on account of

its near affinity to bell-metal. Professor Tyndall^

however, soon demonstrated that the bell-like-

ringing of such guns is lost long before the noise

of the actual explosion of the powder. Major

Maitland, of the Royal Artillery, was then struck

with the happy idea of causing the gun to issue its

-svarning note through a speaking-trumpet, and a

fog-signal gun was devised with a trumpet mouth,

such as is represented in the following diagram

(Fig. 1).

This gun is loaded at the breach, and contains

a sei-ies of chambers (c), which can be brought into

]y\AY in rapid succession after the manner of a

revolver. The bell-mouth (t) projects the sound
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• over the sea in tlie direction in which the warning-

is especially required. It plays the same part with

the sonorous vibrations that the lenses and prisms

Fig. 1.— Major Maitlaml's Fog-sigual Gnu, with a Bell-month.

• of Fresnel accomplish with the luminoiis vibra-

tions of the lantern. Soon after the invention of

Maitland's gun, a further important step was made
by the discovery that gun-cotton communicates a

. more rapid and more energetic shock to air than

gunpowder, and on that account generates a more
. space- penetrating sound when it is made to explode.

A compressed slab, containing a single pound of gun-

• cotton, fired in the open air, and without any

inclosing chamber, in some carefully executed

comparisons, gave a

more audible and

satisfactoiy sound at

a distance of thirteen

miles than three

l)Ounds of powder

lired with the Mait-

Lind gun. The slab

in these experiments

was placed in the

front of a cast-iron

reflector, ai'ranged as

represented in Fig. 2.

unless it was desired

that the sound should

be heard in all dii-ec-

tions around instead

A\'hen the t;'un-cotton

Fig. 2.—The arrangement for firing a
slab of Gun-cotton suspended by a
Wire in the Focus of a Cast-iron
Reflector.

of in one specific dh'ection,

was fired without any reflector.

When the notion of the employment of powerful

• explosives as acou.stic signals was first conceived,

it was thought that they might be kept ready on

Jiand, and fired from lighthouses on occasions of

need.' It was soon, however, ascertained that tliis

could in no way be done, because the sudden and

intense shock which is incident to the production

of a loud and penetrating sound is calculated to

cause destructive mischief amidst the delicate ami

frail appliances used for the maintenance of light.

The method by which this difficulty has been finally

overcome is due to the ingenuity of Admiral Sir

Richard Collinson, the Deputy Master of the Trinity

House, to whom it happily occurred that the gun-

cotton might easily be couveyetl high up into the

air, a}id well away from the lantern of the light-

house, before it was exploded, if it were attached

head of a rocket. It is obvious that by

this simple expedient the explosion may
be so managed as to shed a distinctly

audible sound over a very wide range of

the sea. The plan was first fairly put to

the test of trial at the firework manufac-

tory at Nunliead, and shortly afterwards

at Shoeburyness, when rockets charged with 7~!f lbs.

of compressed gun-cotton were sent up to a great

height, and the explosion there brought about.

The sound in these cases was distinctly heard eiglit

miles away. Similar experiments have more

recently been made in which the explosions were

heard twenty miles, and in one instance twenty-si.x:

miles away. The success of these trials has been

so complete that there is no longer any doubt this

is the direction in which the problem of an efficient

service of fog- signals in connection witli light-

houses will finally be solved.

For a long time it was believed that sound, as

well as light, is imjjeded by dense fog, and that

acoustic signals would be inaterially interfered

with from this cause. This doctrine originated in

a memoir printed in the " Philosophical Trans-

actions" for 1768, in which it was affirmed that

the power of a fog to arrest sound was stricth^

in proportion to its capacity to impede the trans-

mission of light, and the fallacy has only quite

recently been disproved by the observations and ex-

periments of Professor Tyndall. In one memorable

instance, on the 13th of December, 1873, it was

observed that sound was singularly distinct during

the prevalence of a dense fog upon the Sei'pentine,

in Hyde Park, London, and that it became faint

as the fog cleared awa}-. Upon another occasion a

whistle sounded at the eastern end of the Serpentine

was heard upon the bridge crossing the water four

times more plainly during a dense fog than when
the air was clear. Mr. Douglass, the engineer of

the Trinity House, at anothei' time distinctly heard

at Milford Haven the firing of guns at the Smalls
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Rock in the Bristol Channel, twenty-five miles

away, during the prevalence of a very dense fog.

Mr. Derham, the author of the paper already

alluded to, also considered that both rain and snow

impeded sound ; hxit this too is now known to be

wrong. There are niimeroiis well-authenticated

instances of sound having been heard with remark-

able distinctness, both during heavy falls of snow

and during tropical downpours of rain. It is not

the presence of water, whether in a solid, liquid, or

granular form, which offers an obstacle to the

jiassage of sound through air, but varying and

heterogeneous conditions of the air itself—the

presence of regions of uneqvial condensations and

rarefactions succeeding each other. With such a

series of irregular and varying air-strata to pass

tlirough, the free play of the sonorous vibrations is

embarrassed and confused, and a condition of

atmosphere brought about which Professor Tyndall

has expressively characterised by the term acoustic

opacity, and which is quite commonly met with

when the air is of faultless and absolute trans-

parency for all visual j^urposes. The vmequal

lieating of air does far more to render it im-

pervious to sound than any amount of mist, rain,

or snow with which it can be charged. Professor

Tyndall illustrates this fact in his lectures at the

Poyal Institiition by a very pretty and striking

experiment. He arranges a series of horizontal

gas-tubes, pierced with minute holes for the

formation of gas-jets, parallel with each other,

somewhat as shown in the diagram (Fig. 3), so

that when the gas-jets are lit there are layers of

hot air rising above the jets, and separated from

each other by cooler spaces ranged Avall-like

3.—Professor Tyndall's Experi-
ment for the production of
Acoustic Opacity in Aii-.

between. He then lights a sensitive flame at one
side of the apparatus (as at a) and sounds a shrill

whistle at the other side (as at b). The flame

flickers and dances

to the sound of the

Avhistle so long as the

intervening gas-jets

are not alight. But

the instant they are

lit the flame burns

steadily, and without

flicker, at A, although

the whistle may be

screaming at its

loudest, becaiise the

sonorous "sdhrations

of the ail' set up

by the whistle at B

are then prevented from getting across to the^

flame at A through the alternate layers of com-

jmratively rare and dense air that lie side by

side between the whistle and tlie flame. The
experiments and observations which have shown

that haze and fog do not materially obstruct the

transmission of sound have a very satisfactory and

encouraging bearing npon the scheme of organising

a regular system of fog-signals by sound at

dangerous and frequented parts of our roadsteads

and coasts. Such signals, of course, are not

capable of furnishing the same exact guidance by

night to vessels approaching land that lights from

fixed lighthouses do, but thej are quite competent

to give most valuable warning of the close neigh-

bourhood of danger at times when the light-signals

are tenqiorarily obscured.

THE MOYEMENTS OF LIVING BEINGS.

By Dk. Andrew Wilson, F.R.S.E.

PERHAPS the most characteristic feature of

living beings at large is their power of acting

and moving in greater or less degree. With the

possession of life, we come, well-nigh unconsciously,

to associate the idea of motion and action, as

opposed to the inert existence of the inorganic

thing ; and even the stillness of the animal Avliich

has ceased to live strikes us as the most plainly

marked of all the signs of death. If growth—as

we have seen in a previous paper*.—or the power

* " Science for All," " Growth," Vol. II., p. 201.

of adding to its substance and of converting the-

matter added into itself, be a prevailing feature of

life-possessing things, movements of one . kind or

another produced by and from within the organism

are eqtially noteworthy as the special belongings of

living beings. It is through this inherent power

of motioia that most animals and not a few plants

manifest their plainest title to be called living

;

and it may fairly be said that an understanding

of the -s arious movements and sources of motion

in living beings forms a fitting introduction to, as-
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well as an essential pai't of, all sound Ijiological

teacliing.

It may at the outset be alleged that a universal

l)0wer of movement is by no means characteristic

of life at large. The tyro in zoology can point in

support of this assertion to very many cases already

dealt with in these images,* in which those animals

of by no means the lowest rank are as thoroughly

rooted and fixed as plants ; and it might be urged

that the great fields of vegetable life present us

with a denial in toto of the statement that life and
motion are convertible terms. It is perfectly true

sucli animals as sponges, corals, sea-squirts, and
even the familiar oyster, are as fii-mly rooted in

their way as trees ; and such cases, we repeat, might

seem to present us with gi-ave exceptions to the

dictum first laid down regarding life and movement.
But it is a characteristic of science that frequently

its research begins where ordinary observation ends.

Fortifying itself with the microscope, and aided by a

knowledge of the possibilities as well as the proba-

bilities of life's action and ])owers, science demon-
strates the futility of judgiiig things by common-
place standard.? and by the means applied to resolve

the difliculties of everyday existence. Looking
deep within the tissues and parts of the fixed and
rooted animals just mentioned, the scientific gaze

would detect, as we shall presently see, movements
of elaborate and extensive kind. The oyster or

sea-squirt, itself apparently a fixed motionless

organism, may be shown to be a veritable centre of

the busiest living industry. A glance backwards
into the development and prior history of one
of these rooted beings, from sponge to oyster,

Avould show that each begins its life as a free-swim-

ming active particle. If quiescence be the rule of

such existences, it is merely a superficial stillness

after all, and the tides and currents of life ebb and
flow as plainly and as forcibly, to the scientific under-
standing, in the oyster or coral as in man. Nor may
we call a halt thus, in our preliminary objection

to the idea that apparent stillness in living beings
is to be regarded as indicative of real quicesence and
inertness. The plant itself, a rooted and fixed

organism, which gives no sign of A itality even if it

be torn to pieces, can be demonstrated to possess,

beneath the surface of its Avonted stillness, as active
and mobile an organisation as the animal. We do
not now refer to such plants as the sensitive plants,

or Mimosa-, the Venus' fly-trap (Dwucea,) or other
vegetable organisms, whose movements are much
more conspicuous than those ofmany animals ; which

Science for All,"' " V^lmt is an Animal," Vol. I., p. 373.

droop their leaves on the slightest touch ; t which

capture insects for food as deftly as does a spider
;

and which, most wonderful of all perliaps, may be

chloroformed and narcotised as animals. Such cases

of 2)lant activity and movement, although perfectly

well known and fully recognised, are exceptional in

their occurrence, and leave apparently the ordinaiy

inert course of plant existence unaffected by their

curious development of sensation and movement.

But beneath the ordinaiy coui-se of vegetable exist-

ence runs a constant undercurrent of active

movements, all unknown to and unperceived by

the outside world. Within the tissues of every

plant there is as busy an economy as that illus-

trated by the inner life of the animal, and it only

requii'es the assisted eye to correct the jiulgment

of that " unassisted sight " which, proverbially dull

to the beauty of life, is no less obtuse where the

recognition of more important features of living

structure is concerned.

We may find a fair starting-point for our re-

searches into the movements and internal activ ities

of living beings in a simple study of the actions

which the microscope reveals to us as occurring

within the tissiies of well-known plants. For in-

stance, there is no structure which makes a more
pronounced appeal to us in the way of painful prac-

tical botany than the stinging hair of a nettle.

A nettle hair, the structure of which has been

already described,^ is an appendage of the nettle

leaf, but, unlike the ordinary hairs which we see

coating the surface of the many leaves, it possesses

at its base a kind of gland or secreting structure,

which manufactures the irritating fluid that is

practically the nettle's poison. The point of this

hair is extremely delicate. The slightest toucli

breaks the point, and the poison fluid with which
the hair is charged at once flows into the skin, and
produces there the characteristic pain and after-

effects. Thus a nettle stings as a serpent stings
;

both possess an apparatus consisting of a poison-

gland and a fang—the latter being the " hair " in

the nettle, and a hollow tooth in the snake. But
the living nettle hair has a more curious aspect and
history than those included in the recital of its

off'ensive powers. When placed under a sufficiently

high power of the microscope, the nettle hair,

which, like the nettle itself, might be regarded as

an inert structui-e exhibiting no sign of life or

activity, is seen to be a perfect centre of curious

and intei-esting movements. The contents of the

t "Science for All,"' "Nerves or no Nerves," Vol. I., p. 174.

t "Science for All,"' " A Nettle Sting,"" Vol. I., p. 338.
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lioUow nettle hair—or, more strictly speaking, its

Jining—are seen to exist in a state of continual

anotion. There are waves of contraction which roll

like the billows of the ocean along the whole length

of the hair; and there are minor streams of

granules which hurry here and there with varying

speed through the substance of its interior. Main

currents may be traced around the margin of the

structure, and that there are many minor currents

liidden from the highest powers of our best micro-

scopes no one may doubt. Thus the nettle hair is

a very centre of active movements and of an inces-

sant circulation of its particles and fluid, such as

we could not dream existed within the apparently

stable and inert plant-form.

The nettle hair stands not alone in its wonderful

activity. There, for instance, is the well-known

Cliara, a water-

plant, composed

of rows ofminute

cells (Fig. 1,a,b).

Within each one

of these cells a

circulation as

active as that of

the nettle hair

is to be viewed

;

the currents

passing up one

side of the cell

and down the

other in rota-

tory movement.

'The cells of the Virginian spider lily
(
Tradescantia)

exhibit the same phenomenon ; but in the latter the

•currents traverse the cell in thread-like tracts across

its substance (Fig. 1, c). The currents here are,

moreover, irregular in their movements
;
occasionally

they may be seen to be arrested for a moment, then

tthey again commence their motion, striking out into

new ways and paths through the substance-matter

in the interior of the cell. That common water-

weed, Anacharis, Avhich, imported from America

comparatively few years ago, lias overrun our ponds

;and canals (p. 3), also exhibits in its leaf-cells similar

movements ; Avhilst in that cui'ious water-plant,

tlie Vallisneria, of Southern Em'ope, the currents

are seen to sweep round and round within each

cell, setting free the green chlorophyll grains in its

sweep, and impressing the observer with an idea of

^ceaseless and powerful activity.

The explanation of these curious movements iji

"the cells of j^lants—revealing to us a literal world

Tig. 1.—A, B, Circulation of Protoplasm iu

Uhara; and (c) in a Cell of a Hair of
Tradescantia.

of activity concealed beneath the apparently stable

front of plant life—is to be found in the fact that

the contents of these cells include a layer of that

universal " basis of life " known to every one under

the name of 2jrotojjlasiii. It is no theory, but the

most stable and most fundamental fact of life-

science, that life is nowhere known to exist save in

connection with this jelly-like matter. Whatever

be the exact relation between protoplasm and life

—one of the " vexed questions " of biology—this

much is certain, that only through j)rotoplasm of

one kind or another is life exhibited. Thus, in the

cell of the nettle hair, or in the other vegetable

cells just described, the protoplasm or living matter

occurs as a delicate inner layer of the wall of the

cell, and the cause of the currents is believed by

many biologists to exist in the contractions of this

delicate living cell-lining. This latter is a likely

explanation; and in any case the origin of the

movements may logically enough be referred to the

protoplasm of the cell, for wherever this proto-

jilasm exists, motion is its universal characteristic.

It has even been

alleged by high

authority in

botany that the

little solid par-

ticle called the

nucleus—seen in

most cells (Fig.

2), and itself

a protoplasmic

speck — creejK

about within the

cell much after

the fashion of

the animalcule

to be noticed

presently, and

known as the

Amceha. This movement of the nucleus is also

believed to possess a large share in affecting the

currents which, common microscopic observation

shows, pass incessantly through the cell-substance.

Now this unceasing turmoil in the living contents

of the cells of the nettle hairs, and of the cells of

otlier plants, is to be regarded as by no means of

singular occurrence in the plant world. On the

contrary, we must consider these movements as uni-

versal in their nature. Wherever we find life there

protoplasm must be ; and the most exact observa-

tions show us that everywhere living protoplasm is

in a state of constant movement. Just as the

Fig. 2—A, B, Embryos in the Embryo-sac of
Allium Cepa; the Cells contain very large
Nuclei each with two Nucleoli—A, the spheri-
cal apical Cell contains two Nuclei a : in B. a
has already divided into a" a", and in the same
manner c has split up into c' d. c, Parenchyma
Cells (Cellular tissue) from the central cortical
layer ol Fritillaria imperialis, and longitudinal
section x 550, showing Nuclei.
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latest notion in physics resolves the gases oi- ether

around ns into a collection of ever-moving atoms,

so in the world of life, incessant movement is the

characteristic feature of protoplasm, and conse-

qiiently of life. Extending our view from the

pond-weed and the nettle over the whole vegetable

kinsdom, we come to see that incessant motion

must be as much the heritage of plant life as of

animal existence. From the fungus or the lichen

staining the wall with its pleasant hues to the

lordly oak—from the humble moss to the giant

sequoia of California itself, towering its head some

hundreds of feet above the soil—we may discover

no break in the sequence which connects life with

movement as its nnfailing accompaniment. TJie

tree or the moss gives no outwai'd sign of vitality, it

is true ; slow growth and the changes of leaf,

flower, and fruit marking the progress of the

seasons are but passive marks of life, after all.

But hidden within the tissues of lichen, moss,

tree, and flower alike, all invisible to the unassisted

sight, are not merely probabilities, but realities, of

living movement. Coiirsing through the living-

contents, or protoplasm, of cells and vessels, are

these wondrous currents, carrying with tliemselves

the vested interests of plant noiirishment and of

plant sensation likewise. So that the great forest,

through which no sound passes save the sough of

the wind, the hnm of insects, or the chirp of birds,

is in reality a great j-epository of movement : and

the truth of the idea becomes plain, that, were our

hearing 2:)owers inagnified as our powers of sight

may through the microscope be inci-eased, we might

be stunned by the sound of these life currents " as

with the roar of a great city.'"

Passing from the plant domain to the confines of

the animal world, we enter a sphere in which

movements of apparently very vai'ied kinds are' not

merely known to occur, but are plainly perceptible.

Within the human economy, for instance, are ex-

emplified most, if not all, of the varieties of move-

ment seen in lower forms of life. A simple study

in hnman jihysiology may, in other words, present

us with a summaiy and illustration of the means of

movement seen in lower existences. Mankind in

this respect may be said to be the epitome of the

entire world of life. It may, however, at this stage

of our inquiiies, be well to enforce the observation

that there is nothing essentially difierent in the

forms of movement seen in higher life from those

found in lower animals, or, for that matter, from
the movements we liave witnessed in plants. On
the contrarj^ every fresh accession to our knowledge

has made plainer the fact that animal motion, like-

plant movement, can be referred backwards to the

contractions of protoplasm in some form or other.

It may happen that the moving structures may not

at first be recognisable as protoplasmic, but sooner

or later i-esearch filters out, so to speak, the essen-

tial elements of motion into this curiovis evev-

present matter of life. When in the act of writing

one's fingers and arm move, the act is referred to-

the contraction of the muscles of the limb
;
just as,^

on a similar basis, we explain every ordinary act of

existence, from the winking of an eyelid to running

a race. But the question still faces us, " What is

nmscle 1
" and in its reply, we may perchance dis-

cover that the essential elements of muscle are of

the nature of protoplasm, and that between the

currents in a nettle hair and the movements of our

own limbs there are bonds of relationship of the-

closest and most intimate kind (Vol. I., p. 368).

Our study of animal movements may be com-

menced by a brief recital of the nature of a species

of motion common in lower forms of animal life,,

and represented by certain curious facts of human
physiology, and of that of higher animal life at lai'ge.

When a thin film of human blood is examined, that

fluid is seen to resolve itself into two distinct parts

—a solid and a fluid portion. The latter consists of

a fluid as clear as water, and named the serum, or

plasma. The former consists of innumerable small

bodies (Vol. I.,
i)p. 366-7), varying in diameter

from the ^^o-o^li to tlie ^-sVtj*'^
inch, and

termed the corpuscles. These are of two kinds, red

and ivlnte corpuscles. The former give the red

colour to the blood. They are so numerous that

as they float in the blood the unaided sight is

unable literally to see the colourless fluid between

them, and hence blood appears to us as a uniformly

red fluid. The v-liite corpuscles are a little larger

and less numerous than the red, and each, more-

over, contains in its interior a solid speck, the

'nucleus—which is wanting in the red ones. All

higher animals (save the little fish called the Lance-

let) have these two kinds of blood-corpuscles. In

the Lancelot and in Invertebrate animals only

white corpuscles occur. What is known of man'.s

white corpuscles equally applies to those of all

other animals, and the chief fact of interest con-

cerning these bodies is readily appreciated. When
a thin film of human blood is kept on a microscopic

slide at the normal heat of the body and blood

(100° Fahr.), the white corpuscles may be seen to

undergo certain remai'kable changes of shape. At
first round, the corpuscle soon alters its shape hy
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thrusting out its substances into well-marked

processes, and, continually changing its shape in

this way, the corpuscle may be seen to move across

the field of the microscope as if it were some

peculiar form of animalcular and independent

existence. In the white blood-corpuscles of the

newt, which are much larger than those of man,

we see the same phenomenon. Those of the crab

likewise contract and alter their shape ; and in all

white corpuscles, indeed, the same curious fact of

movement by contraction and alteration of shape

may be noted. It is curious to reflect that in our

veins and blood-vessels at large there exist myriads

of these particles, representing in their way the

-constituent parts of blood, and exhibiting move-

ments which might be regarded as more properly

those of indepen-

dent life.

Let us now
select from the

domain of lower

animal existence

a very familiar

animalcule known
as the Amoeba
(Fig. 3), to which

under another

aspect of its life,

we have already

alluded (Vol. I,

p. 17 6). The
derived from the Greek for

in stagnant water, in infu-

matter, and like i)laces. It

common measurement being

of an inch in diameter. Wlien jilaced

the object glass of the microscope, the

.xmoeba is seen to comport itself in an exactly

similar fashion to the white blood-corpuscle.

Now, the animalcule may appear of a rounded

form ; in a moment, it has shot out from its

substance processes and projections which convert

it into the similitude of some solitary island, with

peaks and promontoiies jutting out in a sea of its

own ; next it has " flowed," so to speak, from this

shape to another, in which it assumes the likeness

of a star ; soon this latter form gives place to that

of an oval, and this in turn to the island-shape

again. And th\is perpetually changing its shape

—

of no form or of every conceivable conformation

—

the animalcule, now plainly seen, and now almost

fading away into dim nothingness, well merits its

name

—

Amoeba—"change." When a food-particle

Fig. 3.—Amoeta.
Jl, Contracted ; b, c, d, in Motion ; p. Processes

thrown out in action.

Amoeba—a name
" change "—occurs

sions of decaying

varies in size—

a

luider

approaches and touches the margin of its body,

that body acts, though all unconsciously of course.

upon information received, and surrounds the

morsel with the processes of its body, thus en-

gulfing the particle, which is finally deposited

within its substance, and there, despite the want
of digestive apparatus, duly digested.

So much for what we see in the amoeba of our

stagnant pool. The likeness of the animalcule to

the blood-corpuscle of our veins is so marked that

it cannot escape the most casual observer. We
name the blood-corpuscle's movements amoeboid, or

" amceba-like," because they are, cle facto, those of

the animalcule. The motion of an amojba is, in

fact, the type of all such movements, and when we
inquire into their nature we find ourselves once

again face to face with the protoplasm of our nettle

hair and our anacharis leaf. For the blood-corpuscle

of our veins and the amoeba of the pool are simple

specks of protoplasm, alike in chemical composition

and physical properties, so far as the furthest science

can detect. We explain the changes to which an

amboea is subject by saying that such movements

are a primary propei'ty and heritage of the proto-

plasm of which the animalcule is composed, and we
must assume the same of the white blood-corpuscle.

This statement does not, it is true, lead us to the

exact origin of the movements ; but it is something

to have discovered and to know that contraction

and movement are properties of protoplasm, whether

we find it in the animalcule or in the man.

Lastly, and as if to complete still more clearly

the parallelism between the amoeba and the white

blood-corpuscles, we find that the latter wander

through the tissues of our bodies, escaping through

the walls of the blood-vessels, just as amoebas

wander through the water in which they live.

It is believed, indeed, by some physiologists

that these wandering blood-corpuscles may serve

to afford nourishment to the tissues at large

;

but apart altogether from their functions, the

identity of the amoeba's movements with those of

the blood-corpuscles is comjilete, immistakable,

and remarkable.

Yet another form of movement is common in

man, in higher animals generally, and in very

many lower forms of life. When the lining

membrane of the windpipe is examined, or when

the ear-passages and brain-cavities are investigated

by aid of microscopical inquiry, the surface-layers

of these parts are seen to be composed of certain

elongated cells, attached to the margin of each of

which is a number of veiy fine hair-like filaments
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X 300

Fig. 4.- Cilia.

A, From Huiuan .Nasal Jlcnibr.aiiP : u, From
Cat's Traclia?a ; c. From Frog's iloutU.

called ciUa* (Fig. 4). Let us bear in mind the

minute character of these cilia. The average length

of a cilium is 3^77'ootli of an inch ; that is, it would

require 3,200

cilia placed in a

line to equal an

inch in length.

The cilia are

flattened in form,

and tai)er to-

wards their free

or unattached

ends. Close ob-

servation shows

that the cilia

seem to pass into

and to become

continuous with

the contents of the cell which bears them, and as

these contents are protoplasm, we have good reason

for the belief tliat cilia are in reality microscopic

or infinitesimally small threads of this substance.

Moreovei", an additional feature sujjporting this

view is found in the fact that cilia may be seen

to change into protoplasm " processes," like those

the amoeba shoots forth from its substance
;
whilst,

•conversely, such processes are also noticed occa-

sionally to become cilia.

The great interest which attaches to cilia, how-

ever, resides in their incessant motion. Except

when dead, a cilium is never at rest. These fila-

ments wave continually backwards and forwards,

and thus perform the all-important function of

creating and maintaining currents in air or

water, as the case may be. Thus the cilia which

line our windpipe cause, by their A'ibratioii, the

iluid secretions of the lungs and windpipe to pass

upwards to the mouth. The fluids of brain and

spinal cord are similarly kept in motion ; and the

air in the ear-passages is likewise kept in cii-cula-

tion. This incessant movement of these micro-

scopic filaments—all unknown, be it remarked, to

the non - physiological section of mankind-—thus

plays an important part in maintaining animal

existence. How, it may be asked, do cilia move ?

Primarily, we are driven once again to the power

•of movement which characterises the protoplasm of

wliich they are composed. The cilia, so far as we
know, do not contract or shorten tlietnselves

;
they

merely bend, as it were, and then raise or straighten

themselves—much as the stalks of corn bend aufl

rise beneath the gentle breezes of the autumn-time.

* Latin, cilium, an eyelash.
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The fliud they are destined to move flows in the

direction in which they bend ; and tliis is ex^jlicablo

if we suppose—and the supposition is founded on

observation—that a cilium bends more qiiickly and

with greater force than it erects itself ; the fluid

being thus driven onwards, whilst the less powerful

back-stroke of the cilia will not materially aflect

the current. Cilia are not dependent on nerves for

their movements, which may continue long after

the death of the animal possessing them. I have

seen the cilia of a mussel's gill move faintly, in

summer, twenty-four hours after the gill had been

detached from the animal. Their movements may
be very rapid. Twelve contractions per second is

a rate which has been observed in the frog ; and

other computations set the movements, in some

cases, at 720 per minute.

Where are cilia found in lower life, and what

functions do their movements discharge, is a query

of an important nature. Here is a fiesh-water mussel

or an oyster. Place it in its native watei', with some

indigo or carmine

powder strewn there-

in. Soon we become

aware of the exist-

ence of currents in

the water, and we see

the coloured stream

drawn iu at one side

of the shell, and

ejected at the other.

Examine the mussel,

and you find its gills

literally bristling with cUia (Fig. 5, <•). The

mussel, and indeed all its fellow-molluscs, are

indebted to cilia for their power of sweeping in

fresh water for breathing, and for that of sweep-

ing out from their gills the efl'ete water already

used in that process.

Here is a single animal of a colony from the sea-

mat class. Its tentacles are fringed with cilia, and

its body inside is lined with them. As external

belongings of the sea-mat animal, they assist the

capture of food ; and they discharge internally the

functions of a heax-t. The sea-squirtf rooted to the

rock at once draws in food and water by its ciliary

currents ; and a living sponge, % equally fixed and

immobile, is found to be in reality a " submarine

Venice," whose protoplasm inhabitants, lining the

canals, incessantly sweep in currents of water by

aid of their cilia, and as incessantly sweep this water

onwards and outwards into the ocean wastes again,

t " Science for All," Vol. IV., p. .57. X IW'-l-, Vol. I., pp. •50, •'.9.

5.— Gills of Mussel. (ll'ujMj

mnrfnijlcd.)
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Fig. 6.—1, Rotifer vulgaris ; B, Vibratory
Zones or "Wheels" of ditto; c, Eotifer
iuflatus ; D, Vibratory Zones of ditto.

Here is a wlieel-animalcule, one of the Rotifera

(Fig. 6). It swims rapidly through the watei-,

propelled by the cilia that fi-inge its head-extremity,

and which, appearing like revolving " wheels," give

this group of animalcules its name—although, be it

noted, the cilia

do not revolve,

but merely
bend, each in

its tui'n, and

thus cause the

illusion of a

rotating wheel.

The cilia here

constitute the

organs of mo-

tion, and Avhen

the animalcule

fixes itself by

its tail, the

cilia, continu-

ing to work, then serve as organs for sweeping

food into the jnouth. So also in the animalcules,

named hifusorians, we see in every stagnant pool.

The margin of the body is fringed with them in

that Paramecium, which paddles its way swiftly

through the yielding watere. There, in these

.stalked Yorticellce, or " bell-animalcviles," the cilia

fringing the bell draw particles of food to the

mouth ; and that Stentor, or " trumpet animal-

cule," when fixed, likewise uses its cilia as food

providers, and when free-swimming, as oars. Even
in the lower plant-worlds we see cilia as the promi-

nent organs of motion. Volvox globator* a true

plant colony, rolls onwards, pi-ojielled by ciliary

movement ; and the germs of seaweeds are as

active as animalcules, owing to their cilia-fi-uiged

Ijodies. And if we are asked " Whence this power
of movement 1 " Ave are once more referred, by the

logic of facts, to the protoplasm of which the cilia

are composed as the material and medium through

which these curious filaments carry on their inces-

sant vibrations.

The ordinary actions of our bodies, as before

remarked, are carried out through the contraction

of onuscles. MztscJe, or muscular tissue, forms the
" flesh " of animals. We eat the muscle of the ox
when we dine on beef, and what we value for food

in a haddock or sole is muscle likewise. Muscle is

therefore the tissue of primaiy importance in exe-

cuting visible movement in the animal Avorld. But
this tissue, in virtue of its movement, performs

" Science for All," Vol. I., pp. 353, 37G.

other duties, AA-hich, at first sight, Ave are nob

accustomed to think of as identical Avitli the

motions of our legs and arms. For instance, by

muscular action our blood is circulated—for the

heart is simply a holloAv muscle. The emotions

are expressed by contractions of the facial muscles.

The food is mixed with the gastric juice and pro-

pelled along the digestiA'e system by the muscular

action of stomach and intestine ; and lastly, speech

itself is largely a muscular act.

The body or organ we name a "muscle" is com-

posed, firstly, of bundles of fibres, each bundle termed

afascicuhis. Each fibre is composed of smaller fibres^

or fibrils ; and these, again, may be divided intO'

still smaller fibres, the ultimate fibrils, Avhich are

not capable of being divided into anything smaller,

and Avhich therefore in themselves represent tlie-

elements of which the muscle is built up.

When a muscle acts, it does so by shorteninfj

itself, and by thus bringing together parts betAA-een

Avhich it is attached. This property of muscle is-

called contractility, and an important step in the

physiology of muscle was gained when it was-

proved that this property is not a something im-

parted to muscles by nerves, but a jJOAver inherent

in the muscle. In other words, as cilia ai'e con-

tractile in themselves, so also is muscular tissue.

Wliat nerA^es do, is merely to stimulate this con-

tractility, and to incite it to action. Now to Avhat

is the muscular power of our bodies due—in other

words, Avhat is the exact seat of muscular contrac-

tility ? The answer to this question is by no means-

far-fetched. Muscular fibres, let us note, begin

their existence as simple cells, each consisting of a

mass of protoplasm, and of a nucleus like the

Avhite blood-cor])uscle. As the development of the

muscle proceeds, these cells become first rounded,

and next become lengthened to form the fibres we
see in the muscle. Each fibre of muscle is in fact

developed from a single cell, and it is the original

protoplasm of the cell that is gradually ti'ansformed

into the cross-bands Ave see in ordinaiy muscular

fibre Avlien Ave place it under the microscope. We
liaA'e no space at command Avherein to discuss the

differences between one muscle and anothei*—that

is mere matter of elementary physiology. What
is more to the purpose is to impress on our minds

that this last and highest development of con-

tractile tissue in the animal Avorld is, after all,

merely the high elaboration of the same protoplasm

Ave see in a blood-corpuscle, and practically similar

to that Ave behold in amoeba.

In conclusion, then, Ave ma}^ sitmmarise Avhat Ave
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Imve learned respecting the movements of living

beings by saying : firstly, that they depend on the

jDresence of protoplasm, the universal basis of life
;

secondly, that the simpler movements in plants and

in lower animals are due to contraction of simple

or unsjjecialised protoplasm, such power of contrac-

tion being a property of this substance
;

thirdly^

that the varied movements seen in higher and

lower animals alike

—

amoihoid, c'dinrtj, and nius-

c(dar—are merely modifications and elaborations of

protoplasm-contractility, and fourthly, that all forms

of movement thus originate from a common basis.

TIius a wide view of even a single function of

living beings demonstrates anew their wonderful

unity, wliieh, long suspected of old, is now but

being unfolded more cleary by tlie latest I'esearch.

ANIMAL HEAT.

By E. "Waldemar ^(jn Tvnzelmanx.

MANY of the phenomena relating to this subject

form part of our daily experience. Our

sensations regarding temperature are continually

varying : at one time we feel uncomfortably warm,

at another uncomfortably cold, and we say accord-

ingly that we are warm or cold ; at other times

•our temperature sensations do not obtrude them-

selves upon our notice

—

i.e., we are in a medium

•comfortable condition. Again, we obsei've tliat

our temperature sensations are not entirely de[)eii-

dent upon surrounding conditions, though largely

influenced by them : thus we may be very warm on

a cold wiirter's day, while in the height of summer
a jierson sufiering from ague may be shivering with

fold. We may notice also that the information

which we obtain regarding the temperature of

surrounding objects by touching them is entirely

relative. We can tell only whether they are

warmer or colder than that part of our body with

which we toucli them, for if they are at the same

temperature they do not give us any seirsation of

"temperature ; thus some object may at one time

ieel cold, at another warm, without its temperature

Jiaving changed at all, or the same object may feel

warm to one part of our body, cold to another

part. Tliis is well illustrated by the following

exper-iment :—Take three basins, fill one witli

cold watei', another with warm—as warm as can

be comfortably borne—and the third with water at

a medium temperature, then put the left hand
into the cold, the right one into tlie warm water,

:and leave them there until they cease to feel cold and
liot respectively ; then take them out, and rapidly

plunge them into the lukewarm water ; the right hand
will feel cold, the left one warm

—

i.e., the water

feels cold to the hand which was warmer than it,

and warm to the hand which was colder than it.

Tims we see that in order to find out the actual

temperature either of ourselves or of surrounding

oljects, we must iise the thermometer. Tlie use of

this instrument reveals to us a fact of the utmost

importance, viz., that in spite of our feeling at one

time very warm, at another very cold, our real

temperature is almost invariable as long as we are

in health. Into the phenomena of disease we will

not enter. This does not apply merely to an

individual living in a countiy in which the tem-

perature is tolerably uniform for considerable

periods of time ; it applies to the whole human race.

If we put the bulb of a thermometer under tlie

tongue of an Eskimo in tlie fiozen north, or of a

negro under tlie blazing sun of the tropics, we find

that in each case the temperature is almost tlie

same, the difference not amounting to one degree.

The average normal temperature of a human being

is about 37-6° Centigrade (99-5^ Fahrenheit). In

any one individual there is a slight diurnal varia-

tion, the maximum teraperatui'e being duiing tlie

day, the minimum at night, but the whole range

does not exceed two-thirds of a degree. Nor is this

confined only to man; it applies to all the so-called

warm-blooded animals, including all birds and mam -

inals. Every warm-ljlooded animal has a normal

temperature, which vai-ies only within very narrow

limits, but this temperature is not the same for

each species ; thus th(i normal tem]ieratui-e of tlie

swallow is about -ii" C, that of the wolf about

3-5 -25° C.

Turninw our attention now to the other lower

animals, viz., reptiles, amphibians, fishes, and all

invertebriites, like snails and crabs, we find quite a

different state of things. None of these animals have

a constant temperature, and, with a very few excep-

tions, their temperature is only slightly above that

of the medium in which they are placed, air or water;

thus the temperature of the frog is usually only
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about -05° C. above that of the atmosphere. These

animals are commonly spoken of as " cold-blooded,"

in contradistinction to the "warm-blooded" animals

mentioned above, but the term is obviously ill-

chosen. The blood of a " cold-blooded " animal is

not necessarily cold, it is only not nrach warmer

than that of the surroi^nding atmosphere, and may
be actually warmer than that of a " warm-blooded "

animal. For instance, when a lizard is basking on

a stone in the full glare of a tropical sun it is

exposed to a temperature much higher than woidd

be comfortable to a warm-blooded animal, and

its temperature is high in proportion. Again,

when a number of cold-blooded animals are col-

lected in a limited space theii* temperature may
rise considerably

—

e.ff., Hliber noticed that at times

the temperature in a bee-hive rose to 40' C, i.e,

higher thaia the normal temperature of most

mammals.

Under certain circiimstances the temperature of

warm-blooded animals falls to a very low point

—

e.g., that of a hybernating mammal is very low.

The reason of this we shall see presently.

Having now briefly considered some of the chief

phenomena Avhieli concern our siibject, we may pro-

ceed to discuss it under three heads. First, then,

how is heat produced 1 Since the temperature of a

man is generally higher than that of the surround-

ing atmosphere, it is evident that his body must be

a source of heat. In order to understand how heat

is developed in the animal body we will consider

for a moment the phenomena pi-esented by a burning

candle; the substances which compose a candle are

bodies of complex composition, which during com-

bustion combine with the oxygen of the air, and

form bodies which are much simpler in character

and also much moi'e stable. Dui'ing this conversion

of comjilex unstable into simple stable bodies, heat,

a form of energy, is evolved : hence we may say

that the candle was composed of substances of great

potential energy, which during its combustion be-

came converted into actual energy, which appeared

as heat. This is a picture of what occurs in the

body ; food consists of substances of very complex

composition, which ai'e assimilated by the body, and

finally discharged as stable substances of simple

constitution, chiefly water and carbonic acid ; be-

sides these, the sole product of the combustion of

a candle is a crystalline body containing nitrogen,

urea. Dui-ing this breaking down of complex into

simple substances energy is set free, and a great

deal of it appears as heat. It is not easy to

measin^e directly the quantity of heaf evolved by a

man's body during the twenty-four hours, but it

can be estimated in the following way : it is easy

to calculate that the oxidation of the food required

daily by an average healthy man living xxnder

average conditions would evolve about 23,000 kilo-

gramme degrees of heat

—

i.e., heat sufficient towarm
23,000 kilos* of Avater from O^C. to 1° C. If this heat

were used without loss to do mechanical work it

would be equivalent to somewhat less than one

million metre-kilogrammes

—

i.e., it would be able

to lift nearly one million kilos one metre high.

Now, a good day's work for a healthy man, whether

it be walking or any kind of muscidar toil, is about

150,000 metre-kilogrammes

—

i.e., about one-sixth

the whole energy of the food ; the remainder of

the total income of energy leaves the body in the

foi-m of heat.

It used to be thought that the production of heat

in the animal body was precisely comparable to the

production of heat by the burning of a candle
;
that,

in fact, just as the oxygen of the air combines

with the substance of the candle, so the oxygen

absorbed in the lungs combined with carbonaceous

material iir the blood, so that the heat of the bodj-

resulted from a slow combustion taking place in the

blood ; this A'iew, however, has been abundantly

proved to be eiToneous ; no such, or very little,

oxidation occurs, so that very little heat is produced

in the blood itself This leads to the natural

question—Where is heat produced 1 The following

facts will throw light on this point :—If a delicate

thermometer, or better still a thermopile of peculiar

construction (a thermopile is a veiy delicate instru-

ment used for showing difierences of temperature),

be thrust into a mass of muscle, and this muscle be

then made to contract

—

e.g., by passing electric

shocks through the nerve which goes to the muscle

—

the thermometer or thermopile will sliow a distinct

rise of temperature
;
again, if the nerve going to •

the submaxillaiy glandt be stimulated, causing a

flow of saliva, the temperature of this saliva will

be found to be from 1° to 1 "5° higher than that of

the blood passing through the gland
;
again, if the

temperature of the blood leaving the liver or the

brain be ascertained, it will be found to be con-

siderably higher than that of theblood entering those

organs. In fact, wherever tissue change is going on,

there heat is jji'oduced : the act of thinking, which

The kilogramme is now so universally used as a scientific

weight, that the reader scarcely requires to be reminded that •

it is equal to 2 '205 lbs. avoirdujiois

.

+ "Saliva," "Science for All," Tel. III., p. 308, and Vol..

IV., p. 89.
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exercises tlie brain, the secretion of saliva and tlie

other digestive fluids, the beating of the heart, ifec,

all result in the production of lieat
;
hence, even

when a man is perfectly at rest, his body is producing

heat. When lie is performing muscular work, how-

ever, the substance of his muscles undergoes partial

decomposition, I'esulting in a great increase in the

discharge of carbonic acid and water fi-om his

lungs, and of heat from his body generally. When a

man has been working hard for some time he begins

to feel tired and hungry, and if food be not supplied

to him he becomes weaker and weaker
;

if, how-

ever, he be fed and rested, his strength is restored;

this is because the continued contraction of his

muscles, and the constant activity of his nervous

system, have been accompanied by wasting of the

substance of these organs, and he re(p;ires food and

rest to enable this wasting to be made good, to

restore his muscles and other p:\rts of his body to

their previous condition.

Thus we see that the heat of the body is produced

by the activity of its constituent tissues. Now,

the blood is not stationary in any organ, but circu-

lates all through the body, so that when warmed in

tlie muscles, or liver, or any otherorgan, it soon leaves

them, and distributes this heat all over the body, so

helping to maintain all its parts at a uniform tem-

perature.

How is heat discharged 1 That our bodies ai"e

continually losing heat to the surrounding at-

mosphere is a matter of common experience.

It is in order to check this loss that we wear

warm clothing in cold weather, so economising

oiu' heat. The loss takes place in various

ways ; whatever be the temperature of the

inspired air, it is noticeable that the temperatui-e

of the expired air is nearly equal to that of the

body ; the expired air is also laden with aqueous

v apour, which has evaporated from the blood in the

lungs, so that a considerable part of the loss (about

20 per cent.) is due to the warming the expired air

and the evaporation of the water of respiration.

About 2^ per cent, is lost in warming the excreta
;

by far the greater part of the loss, however (about

77*5 per cent.), takes place by conduction, radiation,

and evaporation from the skin. In connection with

this, we may profitably consider briefly the struc-

ture of the skin, one of the chief functions of which

is to regulate the temperature of the body.

Everybody must have observed that when the

skin has been blistered by the sun, or after scarlet

fever, its surface peels off" in large flakes. This

superficial part of the skin is called the epidermis,

or scuif-skin. It varies in thickness in different

parts of the body, from to -j'^th of air inch ; it is

very thick on the soles of the feet, and generally

over parts exposed to friction. It is thin over the

fiice. When the epidermis if. peeled off, the true-

skin (otitis vera) is exposed : it is very sensitive

and vascular, and so red. It is composed of fibrous

tissue, which is very dense, and closely felted next

the epidermis, but becomes looser and laden with

fat as it gets farther from the surface. Its surface

is covered with small projections called papillae,

which project up into the epidermis. If the palm

of the hand be closely examined with the naked

eye, it will be seen to be marked by numerous

minute parallel lines. These are very well marked

on the tips of the fingers, where they have a con-

centric arrangement
;

they are due to numerous

papilhe arranged in rows. A section of the skin

perpendicular to

the surface (Fig. 1), a„...^^?^r^^-

shows well raanv of

these points. If

the tips of the

fingers be examined

with a hand-glass,

minute orifices are

seen along the tops

of the ridges, and

minute drops of

fluid may be seen

issuing from them,

if the hand be per-

spiring ; these are

the mouths of the

sweat - elands. In

the section a sweat-
-Vertioal Section of Humau Skiy..

{ilnijnijicd 20 times.)

ffland is seen to be a.Kpiaermis; !i, cutis vera ; c. Fat-Clustci s ;°
_

PapillaD ; e, Sweat-glands; /, Sweat-duct.

a long tube, which

passes right through the epidermis—in whicli it

is spirally wound like a corkscrew—and cutis

vera, and then is coiled \\p into a ball. If more-

highly magnified, it would be seen to be composed'

of a thin membranous wall lined by cubical cells.

The sweat-glands are very numerous : one squai'c

inch of the palm of the hand contains about 2,800'

of them ; the same area on the surface of the leg

about 400. If a similar section be made of a

piece of skin—the blood-vessels of which have been

filled with red injection (Fig. 2)—small arteries will

be seen in the cutis vera breaking up into very

numerous capillaries, from which small veins arise

;

each papilla nearly has a small branch of arteiy

running to it, and forming a capillary plexus in it.
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A close capillary plexus will also be seen round the

•coiled part of eacli sweat-gland. Small nerves may

also be seen, and here and there one will be seen to

Fig 2.—Blood-vessels of a Piece of Skin from the Front of the
Thigh. (Magnified -20 times).

(!, Small .Vrteiy; b, C:iiiill.a y Floxus.

enter a papilla, and end in an ovalish body—a tac-

tile corpuscle. These are veiy abundant in the

palra of the hand, and it is to them that the skin

owes its tactile sensibility.

Since the skin is so richly supplied with blood-

^vessels, it is evident that the warm blood coming to

it from the internal parts will become cooled in it,

by radiation and conduction, so that a great deal of

heat is thus lost thi'ough the skin. The rosiness on

the cheeks of persons in robust health is due to

the epidermis there being so thin as to allow the

red blood to be seen through it. Some persons ai'e

: always j^ale, even when in robust health, and this

is generally due to the epidermis on their cheeks

being thick ; the pallor of persons in bad health

is commonly due to the poverty of their blood,

which has lost its natural bright-red colour. In

the former class of pallid persons, if the lower eye-

lid be everted, its inner surface will be found' to be

almost scarlet, owing to the numerous blood-vessels

being very close to the surface.

We are now in a position to discuss one of the

most important channels for the discharge of heat.

One of the most striking consequences of violent

• exercise is that the skin becomes red, warm, and

moist ; the moisture collects into drops, and in

• extreme cases may seem actually to stream from

the skin. The redness and warmth of the skin are

of course due to increased vascularity, the moisture

is due to tlie secretion of the sweat-glands becoming

so abundant that it is not evajjorated as fast as

formed, but collects in drops ; the evaporation of

this moisture is very efficient in cooling the body.

In health the sweat-glands are always secreting

;

.as long as their secretion is evajDorated as fast as

formed it is not perceptible, and so is spoken of by

physiologists as the " insensil^le perspiration ;
" as

soon, however, as it is not at once evaporated, but

appears in drops, either from its being secreted in

increased quantity, or from the air being so loaded

with moisture as to be unable to absorb any more,

or from both these causes combined, then it becomes

evident, and is spoken of as the " sensible perspira-

tion." Healthy human sweat is a faintly alkaline

fluid, consisting chiefly of water, with a little com-

mon salt, fats, &c. The sweat-glands, like the

salivary-glands, are supplied by nerves, which

bring them under the control of the central ner-

vous system ; their increased activity is usuall}"- due

to the bi'ain being supplied with too hot blood,

causing impulses to be sent to the glands, which

increase their secretion, so i"educing the tempera-

ture. They may be caused to secrete by emotions,

arising in the brain

—

e.c/., the cold sweat of feai'.

Having considered the production and the loss

of heat, we have now to discuss how it is that

these two processes are so balanced that the tem-

perature of the body is neither incx-eased nor

decreased—in other words, the " regulation of

temperature." Evidently the temperature may be

regulated in two ways—(1) by increasing or de-

creasing the production of heat; (2) by decreasing

or increasing its discharge. Nature makes use of

both these ways.

As regards the foi'mer mode, we obtain a great

deal of information from observing the efiects of

heat and cold on cold and warm-blooded animals

respectively. Heat, of course, increases the activity

of chemical processes. In the body of a cold-

blooded animal exactly the same occurs when it is

exposed to heat

—

i.e., its tissue-changes are accele-

rated, its discharge of water and carbonic acid is

increased, and more energy is set free within it,

causing the animal to be more vigorous and lively.

Cold, on the contrary, decx-eases the activity of its

vital processes, and makes it torpid and heavy.

Exactly the opposite efiects are observed in warm-

blooded animals. Up to a certain limit heat

decreases their vital activity, so diminishing their

production of heat, and making them less energetic

and lively. Cold increases the activity of their

vital processes, causing increased discharge of

cai'bonic acid and water, with greater energy and

liveliness, neccessarily accompanied by improved

api)etite. Everybody must have observed the veiy

different condition of a healthy man as regai'ds

energy, appetite, ifec.j in cold and hot weather

I'espectively.
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As regards the second mode of regulation, our

knowledge is much moi-e extensive and precise. It

is duo to the action of a well-defined nervous

mechanism, which prodiices its effects by influencing

the circulation. In order to understand its mode

of action, and to form an idea of its wonderful

delicacy, we must briefly consider the structure of

the arteries.

A medium-sized artery (Fig. 3) has a wall com-

jiosed of three coats

—

an outer one of connec-

tive tissue («), a middle

one of muscular tissue

(6), and an inner one of

elastic tissue (c), lined

by flattened cells. The

muscular tissue differs

in structure from that

Fig. 3. -Diagi'ammatic Section
of an Artery.

I, Outer Filirous Coat; 6, Jliddlr
Muscular Coat; c. Inner Elastic
Ci>at.

of tlie muscles proi)er,

and unlike them it is

not under the influence

of the will. It is com-

posed of long nucleated cells, which wrap round

the ai-tei-y, and as they are contractile they are

able to diminish its calibre (Fig. 4). The inner

coat is very elastic, so that a piece of artery will

stretch almost like a piece of india-rubber. The

muscular coat has small nerves distributed to it,

which ai-e called vasomotor

nerves, and are connected

with a part of the central

nervous system called the

vasomotor centre. When the

centre is stimulated, it may
cause the muscular coat of

the arteries to contract, so

diminishing their calibre; or

it may conti'act some arteries

and dilate others. The mode
of action of this mechanism is

Fig. 4.—^Muscular Fibre of n -t-sTx j.i i i i

an Artery. (Highhj mag- followS : When the blood
vijied.) -g warm it so influences

ofl, Isuclcus.

the "v asomotor centre as to

cause dilation of the blood-vessels of the skin,

making it flushed and red. At the same time the

sweat-glands are excited to increased activity,

]irofuse sweating occurs, accompanied by a general

sense of warmth, owing to the quantity of hot

blood sent to the skin, and a rapid loss of heat

goes on.

If the temperature of the body rose to 5(pC.

death would ensue ; and yet a man can bear with

impunity a temperature considerably above 100' C,

the boiling point of water, as was proved more

tlian a century ago by two physicians, who stayed

for some time in a chamber heated to 127° C, with-

out injury. This is due to the cooling mechanism

already described being brought into play. The
vasomotor centre can be influenced in various waj s,

not only by too warm blood. Stimulation of almost

any sensory nerve will influence it, and so indirectly

the cii'culation. It is also influenced by emotions,

as is exemplified in the well-known phenomenon of

blushing. An emotion causes a more or less

localised dilation of blood-vessels, usually those of

the face, so that an increased supply of warm red

blood is sent to it, and the face gets red and hot.

When one gets " hot all over " this is due to a

similar but more general dilation of the cutaneous

arteries.

Alcohol quickly influences the circulation, caushig

dilation of tlie cutaneous arteries, so creating an

evanescent feeling of warmth, soon followed by a

fall of temperature, due to increased loss of heat.

This may be the rationale of the idea very generally

prevalent in the troj^ics, that brandy and water ii>

"the safest drink." Hence also it follows that the

common cvistom of taking S2)irits " to keep out the

cold " is a mistake ; but into the merits of alcohol

as a stimulant it is beyond the scope of this paper

to enter.

If the skin be cooled its blood-vessels are con-

stricted, and the blood is withdrawn from it into

the internal heat-producing organs, so causing a

rise of temperature. Heat produces just the

opposite effect. This is not due to the vasomotor

system, but is simply a local effect.

From all these considerations it is easy to sec

that the application of external heat and cold, in

order respectively to warm or cool the body, defeats

its own object ; and that, paradoxical as it may
appeal', the best way to raise the temperature of a

healthy, well-fed man is to expose him to cold,

whereas exposure to heat will tend to lower his

temperature. This explains the well-known fact

that the best way to keep warm in cold weather is

to take active exercise in the open air, not to be

crouching over the fire.

It is only in man that this temperatxire-regu-

lating function of the skin is so prominent and

important. The lower animals are commonly

clothed with hair or wool, so that they cannot lose

very much heat by their skin, and the respir-atory

mechanism is made use of in their case in order to

keep down the temperature. It has previously

been stated that about 20 per cent, of the total
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loss of heat takes place in man by the lungs. When
a man lias been running, or performing other mus-

cular work, his breathing becomes quickened, so that

the loss of heat in warming the expired air and in

evaporating the water of respiration is increased.

This channel for the discharge of heat is of very

sul).sidiary importance in man, but in the lower

mammals it is of great importance. In very hot

weather dogs may be observed with their tongues

hanging out, and breathing rapidly ; their tongues

are very vascular, and they in this way expose a

lai'ge surface to the cooling action of the atmosphere.

The consideration of these various regulating

mechanisms enables us to xinderstand how it is

that the temperature of a warm-blooded animal is

so remarkably constant, under Avhatever conditions

of heat or cold it be })laced. They are, however',

efficient only up to a certain point, for if a man be

exposed to a very low temperature, though he will

at first respond to it by increased production and

diminished loss of heat, yet finally the intense cold

may overpower the nervous mechanism, and death

ensue from rapid fall of temperature, the cessation

of the vital functions.

A GEAIN
By riiOFESSOll W. C. WiLLI.l

¥ERE any number of persons asked if they

could define what sand is, few probably would

fail to give an affirmative answer ; but in attempting

to furnish an exact definition most of those who
tried would probably discover that their notions

respecting the material in question were more hazy

than they had imagined. The term " sand " is, in

fact, a vague and comprehensive one, the siliceous

material pi-esent to the minds of most of those

responding to the question being but one of the

innumerable varieties of sand that are known to

•exist, and one that occurs only in veiy limited

^iniounts, except near recent or ancient lines of

coast. Speaking broadly, sand is mineral matter,

of any kind, that is in a state of comminution

between the condition of gravel and that of mud.

The substance to which the term is usually applied

in this part of the world doubtless consists of

minute siliceous granules, sorted by the prolonged

agency of water out of the mixed materials with

which its currents have come into contact ; but

those mixed materials are themselves also the resul-

tants of a complicated series of antecedent agencies,

of which the earliest are, and probably will for ever

be, unknown to us. When we find sand in the

bed of a stream or on the shores of the ocean, we
may safely conclude that it has been more imme-

diately derived from the banks of the one or the

varied coast-line of the other. So far as size alone

is concerned, sand is only one of tlie smaller of a

series of states which include in ascending order

gravels and blocks of stone of every degree of

magnitude. It is in most cases the product of a

long-continued process of v/ashing, or lixivation,

OF SAND.
MsoN, F.E.S., Owens College.

like that employed in mining operations to separate

the heavy grains of metal from the lighter elements

of the - ore. The sea-waves beat perseveringly

against some mouldering coast-line, upon which

they make inroads with varying velocities depen-

dent upon the resistance that the coast is able to

ofier. Along the low shores that prevail between

Flamborough Head and the chalk cliffs of Dover

this resistance is, unfortunately for the owners of

the neighbouring acres, but too feeble. In such

localities the finest particles are usually carried far

seaward, to be deposited as mud in the more tran-

quil depths of the ocean ; the coarser sands or

gravels being retained nearer the shore, to constitute

the beaches and sandbanks that fringe the coast-

line. These fringes differ much in chai'acter be-

cause of variations in the tidal currents that flow

over them. In some places we have long stretches

of unbroken sand, which continue unaltered day

after day, until some change takes jjlace in the

ti'ansporting power of the tidal wave which sweeps

away the sandy carpet, and reveals the floor of

coarse gravel upon which it rested, and had

previously hidden ; whilst the next tide may bring-

back all the vagrant material to its former resting-

place. These fluctuations of position, however,

must be distinguished from those more radical

changes that add to the aggregate amount of the

sand.

Nowhere can these changes be better studied than

along the coast-line of Eastern Yorkshire. Its con-

spicuous headlands are proudly uplifted beyond

reach of the tidal waves that undermine the foun-

dations upon which they repose. Losing their
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suppoi-ts, especially where the crest of the cliff con-

sists of liard arenaceous rocks that rest upon a

softer base, vast masses come thundeiing down,

and form a breakwater that gives some protection

to the cliff against the unwearied foe tliat threatens

its destruction. Sometimes, as at the foot of the

Castle Rock at Scai-borough, many of these masses

of sandstone are piled up beyond the reacli of ordi-

nary tides, but do not escape when north-easterly

gales drive the breakers high up the cliff. At a

lower level these headlands project their bases sea-

wards—either as flat tide-washed scars, or as reefs

of loose, water-worn rocks, draped with dark fringes

of olive-coloured seaweeds that are reflected in pools

of water of crystalline purity.

These headlands embrace within their out-

stretched arms the sheltered bays so characteristic

of that noble coast, and of wliicli the beaches, left

uncovered by each receding tide, are composed of

the most varied materials. In some of the retired

nooks between the north Bay of Scarborough and

Cloughton Wyke we discover beds of gi-avel so

minutely fine as to be but a few degrees removed

from the state of " sand." South of Scarborough we

have Carnelian Bay, covered with coarser gravels,

the hunting ground of numerous visitors in search

of the small pebbles to which the bay owes its

name. At Filey Bay, on the other hand, the

retiring tide reveals long stretches of sand—often

flat as a bowling-green and firm as a well-mown

lawn, its smooth sitrface broken only by the fringed

crests of the projecting Sabellse, or by the funnel-

shaped depressions, with their contigiious hillocks

of sand, that mark the two ends of the tunnelled

home of the Lugworm. At other times these sands

are left loose and incoherent, especially near the

high-water mark ; the Aveary traveller sinking into

them almost ankle-deep, and moving almost as far

backwards as forwards with each spasmodic attempt

at pi'ogress.

But such variations are not limited to the

Yorkshire coast. There are some coast-lines which

retain definite features through long periods. The
case of the Ohesil Bank, with its permanent and

graduated gravels, is well known. The shore at

Hastings and St. Leonards displays but little

sand. It is chiefly composed of coarse gi-avel,

which, however, woi;ld soon be swept eastward

Avere it not for the artificial embankments which,

.shooting out from the shore, have been constructed

by the local authorities as a breakwater, to retain

the gi-avel and to protect their threatened acres

from the encroachments of the all-devouring sea.
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It must not, however, be supposed that all these

variations in the distribution of sand are confined

to the sea-shore. They extend, in some places,

into the deeper recesses of the ocean, as might ha^ e

been expected when we remember that the valua-

tions in the mechanical composition of deposits,

whether on the coasts or in the deeper seas, are

largely due to the influence of currents of water,

whose transporting power varies with the rapidity

of their motion. It is scarcely needful to add that

the river sand, so dear to gardeners and florists,

owes its existence to similar, though more local,

agencies than those which affect niaiine accumula-

tions. However straight the course of a tiny

brook may be in the first instance, a few detached

sods (Fig. 1, a), whilst protecting the bank from

which they had fallen, would throw the full force

Fig. 1—3.—Diagrams showing how the Course of a Brook
gradually becomes altered.

of the stream obliquely against the opposite bank

(Fig. 1, b), which would soon be more deejily cut

into, whilst the current of the opposite side, en-

feebled by the impediment that deflected it from

its direct course, and thereby losing some of its

transporting power, would deposit its coarser sands

(Fig. 2, o) on the j^rotected side ; such deposits

thus encroaching upon the Avater as the water

encroached on the opposite bank. A bend thus

jjrodiiced, however slight in the first instance,

would steadily increase in magnitude, and become

a cause of similar action in the opposite dii'ection

(Figs. 2, b, 3, b) ; hence it would ineA'itably follow-

that the meanderings of the brook Avould steadily

increase in number and magnitude (Fig. 3, a, b, c),

whilst an interrupted series of sand deposits (Fig.

3, a, d, e), would be formed behind each of its tiny

sheltering headlands.*

In the cases just spoken of, the free particles of

sand are only sifted out from amidst the other

friable materials with Avhich more ancient agencies

have intermingled them. But in many parts of

* ' Soienoe for All," " Kivers : their AVork," Vol. I., p. 208.
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the sea-coast the sea clifl's consist move or less of

sandstones of various degrees of hardness. For-

merly incoherent sand-beds, they have become

consolidated into hard rock, but are restored to

their piimseval condition by the constant action of

the sea waves that beat against them. In these

cases the sand grains added to the sea-coast chiefly

consist of minute quartzose particles, such as are

commonly understood to characterise sand grains.

The entire line of the Yorkshire coast, from Filey

Brig to Rockcliffe, furnishes illustrations of these

disintegrating agencies. The siliceous grains thus

derived are intermingled on that coast with the

mimite atoms of carnelian, agate, and other objects

of volcanic origin, washed out of the boulder-clays

of the coast which contain so remaikable an

admixture of stones brought by ice action from

more northern localities. But on the same coast a

quick observer will occasionally detect on the sur-

face of the tide-washed sand thin layers of black

particles. Sometimes these consist of fossil car-

bonaceous atoms of vegetable origin, derived from

the plant-bearing sandstones of the coast, or they

often tell of disastrous shipwrecks amongst the

colliers engaged in carrying the coals of the Tyne

and the Wear to more southern parts. But in

many instances the black element consists of atoms

of magnetic iron, probably derived from the ancient

volcanic rocks so abundant in the boulder-clays.

One of the amiisements of my boyhood was to

collect and dry these l)lack sands, and fish out from

them, by means of a magnet, the Ferric particles

to which the sands owed their dusky hue.

In the preceding remai-ks siliceous sands have

chiefly been referred to, but on many coasts local

deposits of shell sand are not uncommon. These

deposits are very vai'iable both in composition and

in amount. A very remarkable one exists at Dog's

Bay, in Connemara, which is made up of fragments

of the shells, crustaceans, and echinoderms living

in the neighbouring seas, intermingled with minute

testacea and innumerable Foraminifera, especially

Miliolinre (Figs. 4, 5, and G) and Truncatulinse. In

this instance we have a calcareous mass that only

requires consolidation, by the infiltration of water

containing carbonic acid, to convei't it into a shelly

limestone. In warmer temperate and ti-opical

seas, sands of this organic character are extremely

common. They especially abound in Foraminifera,

mingled with other elements of organic origin. In

the eastern parts of the Mediterranean and on the

coasts of the Adriatic, such sands contain an

abundance o£ '^v3autiful Foraminifera (Fig. 7), many

of which are closely allied to those constituting

chalk (Fig. 8).

Sands from many parts of the Cuban coast are

Pig. i Fig. 5 Pig. 6

Pigs. 4—6.—Recent Miliolinae.

chiefly composed of water-worn particles deiived

from the neighbouring coral reefs, but they also

Pi-. 7

Fig. 7.—Eecent Foraminifera.

abound with tropical Foraminifera. Sands which

I have obtained from the scanty beaches of the

Pig. 8.—Poraminifera in tlie Chalk of G-raveseud. {After Ehrenhcr.j.)

Paciflc island of Tonga consist almost wholly of

specimens, perfect or fragmentary, of the elegant

Foramiiiiferous Orbitolites, reminding iis of the

Nummulltic Limestones found in various parts of

the world (Fig. 9).
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In marked contrast to tlie snow-white beaches

composed of fragments of these calcareous or-

ganisms are the black sands found on the shores of

volcanic districts. Sands of this character from

the Neapolitan coast consist almost wholly of

gravelly particles derived from the ancient lavas

Fig. 9.- -Namuiulitic Rock from Noiisse, iu the Landes,
Foraminifera,

that have flowed from the inland craters and

reached the sea. At Horta, in tlie Azores, " the

sea-beach has a most peculiar appearance to an eye

not accustomed to volcanic shores, being composed

of fine volcanic sand, which is absolutely black.

The sand is made up of ground-up lava-ejected

dust, and is full of crystals of olivine, augite,

hornblende, and quartz, with abundance of mag-

netic iron particles, which cling to a magnet when
it is brought near."* But one of the most remark-

able sands hitherto discovered has been obtained

fi'om the eastern part of the Mediterranean. It

consists chiefly of siliceous casts of the chambered

interiors of the various Foraminiferous shells that

abound in the neighbouring sea. Silica, derived

from the sea water, has replaced the soft animal

substances that tenanted those chambers, whilst the

investing calcareous shells have subsequently dis-

appeared—dissolved out, in all probability, by the

action of carbonic acid. Such replacements, in the

interiors of shells, of animal substances by silica area
* Moseley : "Notes by a Naturalist on the C'haUon/er."

phenomenon with which most geologists are familiar.

Similar free silicified casts of Foraminifera can
frequently be found in the white chalky Forami-
niferous sediments obtained hy brushing in water
the wliite surfaces of the hard flints so common
in the soft chalk of Soutli-Eastern England.

The above remarks sufiice to

show how varied are the micro-

scopic aspects of sands. Their

clieniical composition is some-

what more constant—the \nv-

vailing ones being either sili-

ceous, calcareous, or an admix-

ture of tlie two.

We may now regard sand in

the light of a rock- builder. It

may fairly be inferred that in

the first instance all sedimentary

mateiials were derived from the

cooling crystalline crust of a

heated globe. Hence their origin

was virtually volcanic. Their

subsequent histoiy has been one

involving many changes : now
loose sands, then hard rock—
watei'-worn strata of older date

pi'o\'iding tlie mateiials out of

which newer ones were formed.

Leaviug out of sight for the

present the gxeat organic masses

of chalk and limestone (Figs. 8

and 9), which have doubtless been formed in

deep seas, the shore and shallow water accumu-

lations of sand, whether siliceous or calcareous,

evidently contributed much to the formation

of the stratified crust of the earth. Many of the

Carboniferous sandstones, as well as those Triassic

ones which formed the well-trodden feeding-grounds

of the Cheirotherium and its companions, were

unquestionably sliore deposits, which doubtless

extended under the shallower seas. Their littoral

character exposed them to tidal and other disturbing

agencies ; hence they are less frequently found in

vast masses of uniform composition than is the case

with the limestone strata. The shelly sand of Dog's

Bay reminds us of the Tertiary Crags of Suffolk,

as the calcareous ones of the shores of Tonga and

the coral islands of the Pacific do of the Calcaire

Grossiere of the Paris Basin. The exact pro-

cesses by which loose and shifting sands like those

constituting the sandbanks surrounding our coasts

were consolidated into some of our best building-

stones is not easily determined ; still less so is the

sliowiug several species of
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origin of blie Ferric oxides that bind together the si-

liceous granules of the Old and New Red Sandstones.

Nothing exactly resembling these deposits appears

to be forming at the present day. But the case is

otherwise with the calcareous sands. We see them

undergoing conversion into hard rock in maiiy

localities. The celebrated Guadaloupe deposit, in

which the fossilised skeletons of human beings have

been found, is a well-known example. Sir Wyville

Thomson, in his narrative of the voyage of the

Cliallenger, and Mr. Moseley, in his admirable

volume already quoted, have described similar

deposits at Bermuda, where, in some instances,

tlie sand becomes so consolidated as to be used

for building fortifications. Then by assisting

to silt up the river estuaries and shallower oceaiuc

channels, it becomes a land-maker, even now
enci'oaching upon lakes and oceans in many parts

of the globe, as it did so conspicuously iu the

old Carboniferous days. Every delta owes its

existence to such combinations of saiid and mud.

But in other cases it acts in an opposite direction.

Drifted by the winds, and especially when its

friable materials are bound together by plants

whose creeping rhizomes freely pei'meate the sandy

soil, it often builds iip barriers which resist the

encroachments of the ocean upon the land. But
whilst fulfilling this conservative function, it too

frequently proves to be a treacherous ally of

humanity. What it prevents the ocean from doing

it does itself. Where the winds blow persistently

from the sea, they carry the loose sands steadily over

the cultivated land, and spread desolation where

all was previouslj^ smiling fertility. The Ber-

mudan sands are fearful offenders in this way (Figs.

10, 11); and there is much reason for believing

that many of the vast deserts of Africa have been

brought into their present state by the eastward

movement of the sands of the western coasts. In
doing this, the drifted sand alters the flora and

fauna of a district. It sub-

stitutes one set of plants for

those very different ones that

previously flourished there

;

and in changing the plants

it changes all the various

forms of animal life that

depended for existence upon

special kinds of vegetation.

In many localities inter-

stratified layers of sand are

apt to joroduce important

modifications of the physi-

ognomy of the landscape.

When they separate imper-

meable beds of clay they

constitute reservoirs of

water, a fact well known to

the old Romans. When the

beds are inclined, and these

waters escape at the hill-sides

in the shape of springs, the

sand is frequently removed,

and the two layers of clay, now brought into contact,

only await some unusual downfall of rain for the

upper laj'er to slide over the lower one, producing

inconvenient, and sometimes fatal, landslips, as

that at Naini Tal on the 18th of September, 1880,

when many lives were unfortunately lost. Many of

the Diluvial Hills around Scarborough are more or

less scarped in consequence of natural operations of

this kind. A railway line in process of formation

along the coast northwards from Whitby had to be

abandoned, owing to disturbances of treacherous

foundations brought about by similar causes.

Thus far sand has been viewed only in reference

to some of the more important natural processes in

which it plays a part. But there are many applica-

tions of it in which it is subservient to human
wants, and not a few in which nature has first

taught man how to employ it. Few j^ersons are

unacquainted with the ingenious pneumatic machine

by means of v.diicli sand is exhibited as an engraver.

Pig. 10.—" Sand Glacier " overwhelming a garden, Elbow Bay, Beimudas. The Sand has
entirely filled up a valley, and is steadily progressing inland in a mass about five-and-twenty feet
tliick. On its path from the beach it has covered a wood of cedars. (After WijviXle Thomson.)
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In this machine a powerful cnri ent of aii' impels

<lried yiliceoiis sand against a surface of polished

glass, from which it removes tlie polisli in a few

moments. But wlien that surface is partially pro-

tected by placing upon it thin metallic plates, from

"which various artistic patterns have been cut out,

the sand acts only througli the open spaces, leaving

the protected portions of the glass in their polished

sbate. But whilst man has but recently emjjloyed

sand as a sculptor and engraver, nature has done so

throughout many long ages. On various parts of

the coast, where prevailing winds lilow long in

given directions and the rocks are sufficiently haid,

the latter have been smoothed

down by the streams of dry

sand perseveringly impelled

against them. This is well

seen over the Burntisland coast

in Fifeshire, in the neighboui--

hood of the precipices of the

Kinghorn. Mr. Buchanan has

described* still more striking

examples of similar j^henomena

&t Heard Island, in the southern

seas. He says that the sand
" was being blown with such

violence by the then prevailing

south-west wind that it was

necessary when exposed to it

to use some protection for the

face. Nowhere have I seen the

abrading power of blown sand

Ijetter exemplified than on the

isolated rocks which have rolled

down from the heights above

and remained fixed in the sandy

plain, exposed to the constant

strong south - westerly gales, driving the sharp

volcanic sand against their sides. In this way
they have frequently been cut and dressed as

by a mason's chisel." But no one who may be

anxious to test the cutting force of wind-driven

sands need go so far away as Heard Island

to do so. He need only expose his unprotected

cheeks for a short time to the pitiless blasts that

often sweep over the sands of the Barmouth Estuary,

and he will obtain sufficient experience of their

power to render all further experimentation need-

less for his conviction as to what they can do. The
use of sand in the manufacture of " sand-paper

"

is but a modified application of its cutting power.

We learn from the elder Pliny that in his age

* "Proceedings of the Royal Society,"' No. 170, p. 622.

the Boniim millers, lacking good grinding-stones,

mixed sand with their lentils to facilitate th(;

grinding of the seeds into flour. In this respect

they seem to have been less fortunate than even

our savage British ancestors, who manufactui'ed

querns or hand-mills out of some of the Cai'bo-

niferous "rits, which grits have i-eceived their dis-

tinguishing name from the circumstance that the

best " millstones " are still manufactured out of

them. From the same author we learn that, as

now, the Roman marble-cutters used sand when
sawing their marbles into slabs and blocks.

Thoujih knowino- but little of the chemical reason.^

Fig. 11.—Chimney of a Cottage which was huried hv the " Saud Glacier,'

Elbow Bay, Bermudas. [Aftci- WijoiUc Thomson )

for their preferences, the Roman workmen were

practically familiar with the difl'erent qualities of

the sand which they employed. Pliny informs us

that the best for the purposes of marble-cutting

were found to be those obtained from Ethiopia,

some from India being held in the next highest

degree of estimation. Pliny complains bittei-ly of

" the fraudulent tendencies of our mai-ble-cutters,"

because they iised the river sand of their own

neighbourhood instead of the more costly material

imported from distant localities.

A still more unusual employment of sand by the

ancient Greeks is recorded by Paulus ^gineta,

who informs us that sea-sand is desiccative, drying

up bodies, especially Avhen heated by the sun ;
and

that when roasted it was used as a dry bath or
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fomentation in tlie place of millet ov salt, wliicli

hitter is still not imfrequently employed in a

similai- way. Then, as is often the case still, men
were ignorant of the fact that the heat-retaining

power constituted the chief, if not the only, virtue

ill the materials employed. Saddest of all the

jiiicient uses of sand is that of which the remem-

brance is perpetuated in our modern use of the

term arena, signifying any place which is the scene

of competitive effort between man and man. Sand

was scattered over the floor of the RoiDan circus

to hide the blood shed by the unhajDpy victims

who suffered in response to the ciy of the bru-

talised Eoman mob for "panem et circences." Sand

is still used in a somewhat similar way in these

happier times—a way the memory of which is

perpetuated in Goldsmith's exquisite picture of

" The whitewashed wall, the nicely sanded floor,

The varnished clock that click'd hehind the door."

The introduction of this material as a covering for

our floors was a great improvement upon the

lilfchier straw and rushes which formed the substi-

tutes for cai-pets even in the houses of mediaeval

royalty. Before the manufaoture of "blotting-

})aper " was brought to such perfection, the sand-

box, for drying up freshly-written lines, was the

common adjunct of every writing-desk, and even yet

may be seen in use for the same pui-pose in various

Continental establishments more frequently than

in England. It is not needful here to dwell upon

the use of sand in the manufacture of glass, its

employment in the construction of moulds in whicli

metal castings are made, or on its admixture with

lime for building purposes. All these aie

sufiiciently familiar to eveiy one. It may be re-

marked, however, that the first and the last of

these applications of it were well known to the

Romans. In connection with the latter use of it

we find Pliny complaining of an abuse arot un-

known amongst us even now, namely, the too free

use of the sand at the expense of the lime, and

which, even then, led too frequently to the prema-

ture fall of "jerry-built" erections.

One more aspect in which sand may be regarded

is that which has swayed the movements of men
from an early period in the history of civilisation

until now. Assumino; that Herodotus was right

when he described the ancient Lydians as extract-

ing golden treasures from the sandy, but now
goldless, bed of the river Pactolus, we have here a

starting point for the long-continued series of gold

diggings, Avhicli were never carried on more

A'igorously than during the present century. Lydia

has been thrown into the shade by California,.

Australia, and British Columbia.* The sands of

Pactolus and of Aphye grow pale before those of

Ballaarat, Carizoo, -and the Frazer Piver. Most

of the wealth derived from these rich deposits of

drifted material consists of gTaiiis of yellow sand.

THE CONNECTINa MECHANISM OF THE UNIVEESE.
By William Durham, F.E.S.E.

THE tendency of modern science is towards

proving that the visible universe is in reality

a unity. As we study the stars in their courses

we find that they are governed by the same lavfs

which regulate the movements of this little globe

of ours. The spectroscope tells us that they are

liuilt up of the same materials, and that star

difleretli from star only in glory, not in kind ; that

our sun is typical of the whole sparkling host of

heaven ; and analogy warrants us in believing that

these myriad suns will be surrounded by planets

suitable for them, and that, in fact, our solar

system is but one of a countless host varied in

many i-espects but essentially the same.

We are apt, however, to conclude that here the

unity ends, and that these systentis hang in empty
space, and have no physical connection one with

another ; that the earth even is separated from its

centi'al sun and companion planets by a void which

cannot be passed over.

There is reason, however, to doubt the correct-

ness of this conclusion, and to believe that the

whole visible creation is connected by a real

physical mechanism, through which one body in-

fluences another in several known ways, and

possibly in many ways yet to be discovered. The

material of which this mechanism is formed is of

so rare a nature that our most refined methods of

research fail to detect it. The proof of its pie-

sence is therefore entirely inferential, and yet it is

strong enough to cany our convictions with it.

The following considerations will make this plain.

*" Nuggets and Quartz," "Science for All," Vol. II.,,

p. 71.
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If we arrange several billiard balls in a row and

strike the one end of the row smai'tly the ball at

the other end will fly oQ". We have no difficulty

in understanding the action ; the force of the blow

is conveyed tln-ough the whole series by the elas-

ticity of the balls, and the last one, having nothing

to stop it, flies oflF. Again, if we take away the

intervening balls and leave only tlie first and the

last of the series, and then, by rolling the first

against the last, cause the latter to fly ofi', we have

still no difficulty in understanding the action. In

both cases there is a physical connection Ijetween

the moving body and the body moved. If, how-

ever, we have the first and the last balls standing,

.say twelve inches apart, with nothing connecting

them together, and on striking the first we find it

to remain perfectly unmoved, while the last, twelve

inches away, flies ofi", we should be profoundly

.astonished, and the action would be quite incom-

prehensible to our minds. Our astonishment would

not be lessened if we found the same action taking

place in a vacuum where there was not even air

to convey (by some hitherto unrecognised means)

the force of the blow from the one ball to the

•other. We might put this supposed experiment in

another and, for oiu- purpose, a better form. We
might place two basins of water a few feet apart in

a vacuum, and dropping some small body into one

of them cause waves to spread round the centre of

disturbance
;

and, on the supposition we have

started with, these waves would appear in the

.second basin, although there was positively nothing

between them by which the force of the wave
•could be conveyed from the one to tlie other. Such
experiments, if they could be performed, would
certainly be very startling and incomprehensible.

Now, surprising as it may seem, this kind of

.action of one body iipon another at a distance has

been tacitly assumed and believed by many to exist

in nature. Thus, for instance, the attraction of

gi-avity is generally assumed to be of this nature

;

that it is a force acting somehow from one body to

:another without any intervening mechanism. From
our ignorance of what gi-avity really is we cannot

positively say that it is not such an action, however
great may be the difficulty of comprehending it.

There are other actions of one body upon another,

however, where our ignorance is not so great, and
which we cannot admit as possibly due to action at

a distance without a connecting mechanism. Among
these actions is radiation of light. The sun is

about 90,000,000 of miles distant from us, and
separated by what appears absolutely empty space,

and yet he sends us his light. Now the question

is—How does the light ti'avel across the intervening-

space 1 Newton supposed that light was actually

substantial matter of a very attenuated natm-c,

which was propelled with prodigious velocity from

his surface, and ti'avelled outwards as a cannon

ball would. On this supposition there is no diffi-

culty in understanding how the light reaches us.

When, howevei', further researches showed that

light could not be regarded as mateiial, but that it

Avas only a peculiar kind of wave-like motion or

vibration, the difficulty of uiiderstanding how such

a motion crossed the supposed absolutely empty

space between the sun and the earth was as great

as our difficulty with the waves passing from the

one basin of water to the other, when there Avas

al)Solutely nothing between them to convey the

motion. We really have no idea of what force is

apart fi'om matter, and cannot conceive what form

the motion would take after leaving the suii and

before it reached the earth if there was no matter

of any kind to move in the intervening space.

What we have said in regard to light applies

equally to heat and other rays, and also with somo

modifications to electric and magnetic actions. AV<;

are driven, therefore, to the conclusion that theio

must be some material medium stretching, at any

rate, through all visible space. This medium, ov

ether, as it is called, is, as we have before remarked,

of an exceedingly rare nature, so much so that it

does not appear to ofl'er the slightest resistance to

the course of the heavenly bodies in the way of

abating their speed in time. One comet has, how-

ever, given indications of such a resistance as the

ether would give, butwith this exception, no heavenly

body seems to be influenced by it in this way. This,

perhaps, may be accoimted for if we imagine the

ether to circulate somewhat in the manner of a

vortex, in the same direction as the heavenly bodi^es

move, for of course in this case the friction would

be greatly lessened, and quite inappreciable in the

coiu'se of the time during which observations have

been made.

Having established the necessity for the existence

of this ether, we shall endeavour to find out as nuicli

as we can as to its nature and use in various direc-

tions. It has been shown * that it is probably

more of the nature of a solid than of a gas. This is

all we can gather from its action in conveying light

across illimitable space. We must look in other

directions for further information regarding it. It

sometimes happens in scientific investigations that

* " Science for AU," Vol. III., p- 314.
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very obscure subjects throw light on one another,

and it is so in this case. Electricity has long been

a puzzle to scientific men as to what it really is.

Some believing it to be two fluids, and others only

one, and others again that it is not a fluid at all

;

and the supporters of each theory had very plausible

arguments to advance in its favour—but of late

years, by bringing these two obscure things together

—namely, electricity and the ether, the late Pro-

fessor Clerk Maxwell has thrown considerable light

on both. Electricity is one of those forces which,

at first sight, seem to act at a distance : thus, we

know if a body charged with electricity is brought

near to another the latter is influenced in a well-

known manner, although the two bodies never

touch, and nothing passes between them so far as

can be seen. Magnetism also behaves in a similar

manner. Faraday, however, in his splendid re-

searches on these subjects, showed that the action

at a distance is not at all a likely explanation of

the jjhenomena, and that from the electrified body,

or magnet, lines of force could be traced in all

directions, and he concluded that there must be

some medium through which these forces acted.

What he meant by lines of force can be veiy well

Keen by sprinkling some iron-filings on a sheet of

paper, and placing a magnet below the paper, when
the filings will immediately arrange themselves in

an exceedingly regular and instructive manner ; the

lines spreading out in all directions are the lines of

force, for there the iron-filings are forced to take a

particular direction (Vol. L, pp. 182, 183). Taking

up this idea of a medium through which electricity

acted, and assuming that the electric medium and

the light medium, or ether, were the same, Clerk

Maxwell set himself to inquire what sort of action

in that medium would account for the electric and

magnetic j^henomena observed. It would be out of

place to give his investigations here, but the result

he arrived at was that a particular state of stress or

strain in the medium, propagated through it at a

certain definite rate, would account for all the ob-

served facts. Now an ordinary state of stress can

he readily understood—a bent bow, a tightened

rope, or a tightly wound uj) spring are all in a

state of stress
;
they are all held in some position

or shape which is not their usual or normal one.

According to this view, then, electric and magnetic

actions are strictly mechanical, and the medium
tlierefore through which they act must be of a

nature capable of sustaining this mechanical stress.

Further, if we take a closed insulated vessel, and

introduce into its interior a small sphere charged

with electricity in the usual manner, we shall find,,

on examination of the exterior of the outer A'essel,

that it is charged, by what is called induction, wdth

electricity exactly similar in quality and quantity

to that which we have introduced into its interior

by means of the charged sphere. Now this shows-

that electricity, whatever it is, acts exactly like an

incompressible fluid ; as much of it is forced through

the sides of the vessel as we put into its interior.

This is analogous to the well-known experiment of

filling a metallic sphere completely with water

and then distorting the sphere out of sha2:)e by a

blow, whereby its capacity is lessened and water is

forced through the pores of the metal, and it seems

to sweat. If we forced extra water into the sphere

instead of distorting its shape the same result

would follow, as much water would be forced

through the pores as we forced into the sphere,

supposing water to be quite incompressible, which,,

however, it is not.

Electricity, then, behaves in this experiment as

an almost incompressible fluid. If, therefore,,

the jjhenomena of electricity be due to stress in a

medium, that mediiim must be almost incompres-

sible. Regarding the nature of this stress in a

medium, Faraday and Clerk Maxwell showed that

supposing A and b (Fig. 1) to be electrified bodies,.

rig. 1.— Illnstrating Faraday's and Clerk Maxwell's Views of
Stress in a HEediiun.

and the connecting lines of force, there would then

be a tension everywhere along these lines, and

also a pressure at right angles to them, as shown

by the arrows. This will be understood if we
imagine a column of jelly standing on a plate, and

we press it down with our finger, there will be

pressure between our finger and the plate, and also'

pressure on the sides of the jelly, tending to press

them outwards, as in Fig. 2, where the arrows

indicate the directions of pressure, and the dotted

lines the shape the jelly tends to take.

It has been more than once explained in tliis

work that electricity and magnetism are very

closely connected. We know from exj^eriment that
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Fig. 2. —Illustrating Far-
aday's and Clerk Max-
well's Views of Stress
in a Medium.

if a current circuLites round a metallic ring, the

front of that ring acts like one pole of a magnet,

and the back acts like the other, and a magnet is

supposed to owe its power to multitudes of little

currents circulating round its molecules. We may

imagine, then, a piece of unmagnetised iron to have

circular currents flowing round

its molecules in all directions,

some with the front turned

one way and some another,

and thus neutralising each

other and preventing any

manifestation of magnetic

phenomena. When, how-

evei-, the ii'on is brought

inider the influence of an elec-

tric current or of a perma-

nent magnet, these small mole-

cular currents are all forced

into one direction, their fronts

all looking one way, and their

backs, of course, the opposite

way, when their magnetic pro-

perties become at once appa-

rent. As long as this con-

tinues the molecular currents

are under stress by the action

of the oiitside current, or magnet, and the state

of stress is not only in the iron but extends

all through the medium between the ii'on and

the current. Suppose a chain cable, with oval

links, flung loosely on the ground, the direction of

the links would not be all the same ; some would

have the longer axis one way and some another, and

of course the same with the shorter axes. If,

however, we forcibly drew apart the ends of the

cable till it was tightly stretched, then all the long

axes would be in the one direction—viz., that of

the pullmg force, while the shorter axes would be

arranged at right angles to the direction. This is

somewhat analogous to the action we have described

between the current and the iron, but must not be

supposed to describe in any way what takes place

in the medium, but only as an assistance in grasping

the idea of stress in a medium—namely, that it is

a regular mechanical action propagated from one

particle ofmatter to another, andnotsome occultforce

acting at a distance. Now, we know that the sun acts

in ananalogous manner upon the earth ; the variations

of terrestrial magnetism, for instance, being traced

in a great degree to his action. There must, there-

fore, be a medium between the two by which this

action is ti-ansmitted. Thus, by the study of light,

161

electricity, and magnetism, we are led to infer the

existence of a strictly material connection between

the earth and the sun. It is not likely that there

should be one medium for light and another for

electricity, as nature never makes two ways where

one is sufficient, and that the medium is one and

the same is still further strengthened by the follow-

ing considerations. When electricity is propagated

in any medium, such as a current in a conducting-

wire, there is always the magnetic jjhenomena

round the current. This Clerk Maxwell calls an

electro-magnetic disturbance in a medium. Now,
this disturbance is propagated at a cei'tain rate,

just as light is j^ropagated at so many miles per

second, and Clei'k Maxwell finds that the rate of

electro-magnetic propagation is, within the limits of

probable error, equal to the velocity of light.

Having thus mechanical energy in the electro-

magnetic disturbance travellmg at the same rate as

light through the medium. Clerk Maxwell con-

cludes that light is in reality an electro-magnetic

phenomenon. By the study, then, of these obscure

phenomena, we get a considerable amount of in-

formation, both as to the functions and the nature

of the connecting mechanism, or ether, which

pervades all space, so far as light extends, at any

rate. In the flrst place, we understand it must

be of an exceedingly rare nature, as planets pass

through without perceptible resistance, if we except

the one instance of the shortening of the path of a

comet. Its rarity, also, is proved by the fact that

it passes freely through the pores of transparent

bodies, such as glass, &c. Again, though its rarity

is so great—so much so that by no known means can

we detect it by weighing, nor can we exclude it from

the inside of any body, as we would pump air out of

a receiver—yet we know, from the natiire of light

vibrations, it must possess more the nature of a

solid than of a gas. From our experiments, also, we
see it is highly incompressible, and can sustain

gTeat stress, and transmit vibrations and pi'essures

with immense velocity. Probably, therefore, it

possesses a jelly-like structure. An attempt has

also been made to connect the cause of gravity with

the medium, but the difficulty in this question is,

that it requires the medium to be of the nature of

a gas, with molecules of exceeding minuteness, and

moving with immense velocity, which does not

asree, as we have seen, with the evidence derived

from the study of other phenomena in which, un-

doubtedly, it plays a principal part. As researches

are continued, however, these difficulties may dis-

appear, and this secret of nature also laid open; in
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Avliich case the last, or nearly tlie last, stronghold

of action at a distance will be destroyed, and the

universe will be displayed as one connected arrange-

ment, one part influencing another by a regular

mechanism in which there is no break.

Of course, in this inquiry we have been on the

very outskirts of science, like pioneei-s pressing

forward into the regions of the unknown, and our

conchisions are therefore necessarily imperfect and

indefinite ; but the prospect oj^ening \ip to our

intellectual vision fills the mind with great and

•expanded views, and we contemplate with some-

thing arkin to awe the grandeur ami unity of the

univei'se. We find this world is not an isolated

speck, floating in the immensity of empty space,

but a link in the great unbroken chain of existence,

and that star is joined to star, and system to system,

and globe to globe, throughout the Avhole visible

universe; but whether it ends there, or stretches

into the infinite beyond, we cannot tell,—we may
never know. Contemplating these things, we see

there is poetry in science little dreamed of, and in

the words of the great Humboldt, we experience

"a feeling of sadness not unmingled with joy."

THE EAEWIG.

By F. Buchaxax White, M.D., F.L.S., etc.

SUPPOSING that an inhabitant of one of our

busy manufacturing centres—say from the

unlovely " Black Country "—were to visit a well-

stocked country garden, he would early be at-

tracted by the brilliant hues of the dahlias. He
might possibly notice, with even more curiosity, the

inverted flower-pot on the top of the stick to which

each of the plants was tied. That they are not for

ornament is self-evident. However, on lifting one

a glimmering of their use would dawn upon his

mind, for inside each pot he would notice a number

of insects. He would then learn that these insects

are the common earwigs, which have nothing to do

either Avith ears or wigs, but whose favourite food

is the petals of dahlias, and that being nocturnal

in their habits, they find the pot a convenient

place in which to hide during the day. The gar-

dener, on the other hand, finds the pot equally

convenient, for there he can every morning light

upon a number of the enemies of his flowers, and

destroy them, without the labour of having to

search the plant for each individually.

Most of us are, I imagine, acquainted with the

chief features of the external aspect of the common
earwig. Its long, narrow, somewhat flattish body,

terminated by a formidable-looking pair of forceps,

is familiar to most people, but how many are there

that know that it is provided with a pair of ele-

gantly-shaped wings ? Let us, therefore, examine

a specimen more closely, first terminating its life by

some instantaneous and painless method (Pigs. 1, 2).

Like other insects, the earwig has its body

divided into three chief parts—each composed of a

number of rings, segments, or somites—the head,

chest or thorax, and abdomen or hind body.

The head is small, somewhat heart-shaped, and

provided on each side with a rather small com-

pound eye, comprised of a number

of six-sided facets. There are no

simple eyes (ocelli) such as exist in

some other insects. In front of

the eyes are the rather long an-

tennse, consisting of—in the com-

mon earwig—about fifteen joints.

In some other kinds of earwig

the antennse have no less than

forty joints. At the apex of the

head is the mouth, which is pro-

vided with jaws, and is formed

very much like that of the cock- wig' {ForficuU

roach. The head is joined by a wYngsToided.^^^*^

short neck to the chest or thorax,

which is composed of the usual three rings or seg-

ments. Of these the most conspicuous above is the

first (or prothorax), the upper surface of which (or

pronotum) is somewhat square-shaped. The next two

segments are not—in the ordinary state of the in-

sect—visible above, being concealed below the wing-

cases. These—which are attached to the second

segment—are two short, oblong leathery plates,

whose inner edges meet closely, but do not overlap.

They are very much shorter than the body, being,

in fact, little longer than the first segment of the

thorax, and to an uninstructed eye look like a

solid part of the body. If, howevei", we take a pin,

and insert it gently under the wing-case, eitlier
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between the two or from behind, we shall find tliat

the wing-case is attached only by its outer anterior

corner, and sei-ves as a j'rotection to tlie wings.

These are attached to the third ring of the thorax,

and from their beautiful structure are the most

interesting part of the external anatomy of the

earwig (Fig 2).

Each Aving forms rather more than the fourth

part of a circle, and in comparison with the size of

the insect is of rather considerable magnitude. In

fact, when we look at the small sjiace in which,

when folded \ip, the wing has to be packed, we

cannot avoid wondering how it can be all stowed

away. This is accomplished as follows :—The

greater part of the wing—indeed, all except a patch

on the front margin—consists of a fine transparent

membrane, strengthened by radiating veins. The

patsh on the front margin is of a leathery nature,

and is not covered, when the wings are folded, by

the wing-case. This leathery patch is situated about

one-third of the length of the wing from tlie base,

and from its apex a series of veins radiate. The

radiating veins are thickened about the middle, and

beyond the thickening are connected by a transverse

vein, which runs round the Aving. When the wing

is to be packed up, it is first folded longitudinally

by the radiating veins being brought together in

the fashion of the ribs of a fan. It is then folded

back upon itself at the place Avhere the radiating

veins are thickened, and a second ti-ansverse fold is

made at the apex of the leathery patch near the

base, and the whole is then tucked away under the

wing-case, leaving only the little leathery bit jiro-

truding. It may be imagined that an earwig can-

not fold and unfold its wings in the simple manner
that most other insects do, and as a matter of fact

it has to use its abdomen to assist in the ojieration.

To the under side of the thorax are attached the six

legs, a pair on each segment. Each leg is composed
of the five usual parts : coxa, trochanter, femur or

thigh, tibia, and tarsus ; the latter has three joints,

the ajncal joint being provided with claws. As
the earwig is a good walker and runner, its legs are

strong, and the three pairs are of nearly equal size.

The third great division of the body is the abdo-

men or hind body—a part which in this insect

presents several remarkable features. In the first

place, as it is for the most ^^art \inprotected above
by the wing-cases or wings, the upper surface is of

the same hard horny consistence as the under. In
the second place, it is remarkable for the large pair

of forceps with which its extremity is armed, and
Avhich are said to be used, in addition to their being

weapons of offence and defence, to assist in folding

and unfolding the wings. The forceps vary in size,

but are larger and more formidable in the male.

Finally, the number of segments of which the abdo-

men is composed seems to difier in the sexes, but

only because they are curiously modified. In the

male there are nine evident segments, Avhicli with

the three composing the thorax and the one allotte*i

to the head make

up the tliirteen

segments of which

the body of an

insect is theoreti-

cally composed,

but which are

rarely seen in the

perfect condition.

In the female

only seven seg-
. . ,

Fig. 2.— Common Earwig (Forficula auri^
ments are visible culm-ia) witli wings exiianded.

above, theseventh

and eiglitli being hidden under the sixth, while

below only six are consi>icuous, the last three

being concealed by the sixth.

In its internal anatomy the earwig does not differ

very much from the cockroach, recently described.

The alimentary canal is, on the whole, less compli-

cated ; the salivary glands (sometimes, as in the

common earwig, wanting) are not provided with

salivary receptacles, and the pyloric coxa are also-

absent. For the Ijreatliing system there are ten

spiracles on each side, thi'ce in tlie chest and seven

in the abdomen, those in the chest being small and

much concealed. The first two pairs of thoracic

spiracles may be found near the base of the legs,

while the third j)air lie under and are concealed by

the wings.

For a long time entomologists were in doubt

in what order of insects to place the earwig. The-

great Linnreus classed them amongst the Coleoptera,

or beetles, and his example was followed by others.

Fabricius and others thought that they more pro-

perly belonged to the order of the cockroaches,

or Orthoptera, where they remained till Kirby

instituted a special order—the Dermaptera—for

their reception. As the name Dermaptera had

already been apj^lied to some other insects. West-

wood proposed the name Eujilexoptera (from the

Greek eti,, well
;
plexo, I fold ; and 2'>feron, wing),

referring to the structure of the wings. Is owadays

they are usually referred to the cockroach, and

ci-icket order (Orthoptera), from which they chiefly

differ in the peculiar structure of their wings.
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them.

Like other insects, earwigs reproduce their kind

by means of eggs. These are laid in holes in the

ground, or under stones, or in damp places
;
and,

unlike most other insects, which after laying their

egsrs leave them to take care of themselves, the

mother earwig watches over them, collecting them

if accidentally scattered, and moving them about

from place to place in order that they may obtain

the moisture necessary for their well-being. Some
observers even go the length of asserting that she

incubates the eggs after the manner of a hen, but

this seems doubtful. The eggs are laid in Apiil

(and probably at other times also), and hatch in

May. The young earwigs have the general form

^ of their parents (Figs. 3, 4), but have

\ /' neither wing-cases nor wings, and their

antennae have only eight joints, instead

of fourteen or fifteen. They are also at

first whitish in colour, gradually becom-

ing darker. After they are hatched

their mother continues to watch over

them, gathering them together under

her, just as a hen gathers her chickens,

and remaining for hours brooding over

It has been noticed that when, probably

worn out with old age, her work having been

accomplished, and her offspring being old enough

to take care of themselves, she dies, the young

ones devour her dead body, as they also do the

corpses of any of their brothers or sisters.

The young earwigs, like other insects, change

their skins several times, as they grow too big for

their old integuments. How often tliey moult is

uncertain, but after several moults the antennae

get more joints, the wing-cases and the

\ rudiments of the wings appear, and they

finally become like their parents in every

respect, and, having thus become adult,

cease to increase in size or to change their

skins. Had entomologists in the time

of Linnaeus duly studied all this, they

would not have placed the earwig

amongst the beetles, which, as we have

seen in a former paper, undergo a com-

plete metamorphosis, going through the

stages of egg, maggot, pupa, and perfect insect, in

which each stage is imlike every other. The earwig,

it is true, goes through the same stages, but after

the egg state the changes are gradual, and not

marked by such abrupt alterations in the form,

and the metamorphosis is consequently said to be

incomplete.

Earwigs, though they are not devoid of certain

good qualities, must be reckoned as destructive

insects, doing much liarm in gardens by the injury

they cause to flowers and fruit. Sometimes they

multiply to such an extent that they become a

plague, but this is I'are. Could we credit old

stories, we might believe that, not content with

injuring man's property, they even attack liimself,

as they are supposed to enter the ears of sleepmg

persons and penetrate the brain. This story, wliich

has apparently no foundation in fact, has existed in

all times and in all countries, as the various names

applied to the earwig show. Hence we have the

Latin name Auricularia, the English Harwig,

French Perce-Oreille (derived, however, according

to a recent woter, from the forceps of the earwig

resembling the instruments used for piercing the

ears for the insertion of ear-rings), German Ohren

Wnrm, Swedish Oren-Metel, &c. That earwigs

may occasionally enter the ear of a person sleeping

on the ground may be true, but they would pro-

bably be glad to get out again as fast as they could,

and at any rate the drum of the ear would effectually

prevent them going very far. Amongst the good

qualities of earwigs, apart from the exhibition in

so lowly an insect of mucli maternal affection, is

the fact that they occasionally prey upon other

injurious insects, such, as species of thrips, the

maggots of the wheat-midge, and other caterpillars.

They themselves are preyed upon by various para-

sites, including an ichneumon fly, and species of lower

organism such as Filaria and Gregarina. As for

the best means of getting rid of earwigs in gardens,

the old-fashioned method of suspending flower-pots,

screws of paper, old boots, lobster-claws, &c., seems

still to be the best. When caught, the insects

should be crushed ; it is no use putting them into

water unless it is boiling, for they swim well.

The earwig, whose structure and history have been

sketched above, is the common one (Fig. 5) of this

country, the Forficula auricularia of naturalists, the

name Forjicida having been given in allusion to the

forceps with wliich it is provided, and auricularia

being the name used by Latin authors. In Britain

there are several other kinds of earwigs, some larger

and some smaller than the common garden one, but

these, except one

—

Forficula minor, the smallest of

all the European earwigs—are rather rare. The

largest of the European species [Forficula gigantea),

not twice the size of the common one, lives among

stones on the sea-shore and on the banks of rivers,

and feeds on other insects and small invertebrate

animals. Such also seem to be the habits of some

other species, as they live in places where little or
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cases nor wings, and these, though insects in tlie

perfect or adult condition, resemble the common
earwig in its immature stage. Others have wing-

cases, but these are soldered together, and there are

no wings, or only the rudiments of them.

In time the earwig family reaches far back, though

Fig. 5.—Common Eiitwics.

110 vegetable food is to be obtained. Earwigs are

widely distributed throughout the world, but do

not seem ever to attaiji more than a medium size,

and, in fact, have all a great similarity to the species

with which we are all too well acquainted. Some,

liowever, have greatly flattened bodies, not much

thicker than cardboard, and probably, like other

insects of similar flatness, live under the loose bark

of tree.s. It has been mentioned that the common
earwig is provided with wings, but these, though

well adapted to carry it, seem to be very seldom

used, or perhaps, what is more probable, it is not

often observed to use them. The small earwig

{Forficida mi)ior) has, however, often been seen

flying. Some species of earwigs have neither wing-

it falls far short of the cockroach in its antiquity.

The earliest earwig occurs in Mesozoic times, a

species (Baseopais Jorjiculiiia), which is unlike any

living form, having been found in the Lias of

Schambelen, in Switzerland, a formation which

belongs to the Jurassic pexiod, a time when reptiles

were the dominant class, and tliat extraordinary

animal, the Archceopteryx macrura, half bird half

reptile, flew through the murky air.
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A PIECE OF SEEPENTINE.

B}' Pkofessor T. G. Boxney, M.A., F.E.S., F.G.S.

THE late Canon Kingsley showed ns what may
be learnt of Geology even in the streets of

a city. The reader, to his surprise, finds that

what previously had seemed dull and uniiiterest-

ing is turned into a " wayside museum," to use a

phrase happily applied by the late Dr. Brj^ce to a

certain rough stone wall in the Island of Arran. In
former days, no doubt, each town was to a very

large extent constructed with materials dei-ived

from its immediate neighbourhood, or i*eadily

accessible by water communication. Now, how-

ever, that tlie use of steam has linked together

places dissociated by distance on land and wide

expanses of sea, materials are gathered from all

quarters for the construction or the adornment of

the streets. This is especially true of London. To
the brick from the adjoining districts, and the stone

from Portland, has been added the granite of

Cornwall and of Devon, of Aberdeen and of Peter-

head, of Shapfell and Dalbeattie. Its streets are

paved, not to mention other places, with materials

from the Channel Islands and Leicestershire,

from Quenast, in Belgium, nay, witli basalt from

distant Victoria. The railway-station at St.

Pancras, with the hotel, is within and withoiit a

museum in itself, and many houses and shop-

fronts show interesting examples of ornamental

stones.

If the London pedestrian is on the look-out as

he walks along Piccadilly, he will notice a shop-

front a short distance east of Burlington House,

which is constructed of a beautiful rock, whose

colour varies from a dark to a gi-eyish-green, and

from that to shades of red, veined and mottled

with bx'ight tints, in which, here and there, on a

closer examination, may be seen small flattened

crystals of a golden colour and metallic lustre.

This is the rock called serpentine, which, so far as

we have been able to ascertain, has only made its

appearance of late years in the London streets, and

is still not common. Indeed, it cannot be called a

common rock anywhere in Britain. In the Lizard

district of Cornwall it is abundant enough, but a

considerable quaiitity is valueless for the ai'chitect's

purposes. There is a little in the north-western

part of Wales, and it occurs in some localities in

Scotland, the most important being Portsoy, in

Banffshire.

But it will be asked, " What is sei'pentuie 1

"

This is the question which we shall endeavour to

answer. If joxi consult books you will find that their

authors utter rather an imcertain sound. There is^

much confusion and ambiguity about the use of the

term. One cause of this is that uixfortunately the

name is applied to both a mineral and a rock. Let

us first see to the definition of the mineral. Here,

again, it may be that the term applies rather to a^

group than a single mineral
;
but, without discuss-

ing this question, we may say that it is a mineral,,

sometimes fibrous, sometimes compact, of moderate

hardness, of a slightly greasy lustre and feeling :

colour generally some shade of green : composed

of about 43|- per cent, of silica, per cent, of

magnesia, and 13 per cent, of water. Talc, soap-

stone, French chalk, and meerschaum have a some-

what similar composition, with a difference in the-

quantities of the constituents.

The rock consists chiefly of the above mineral,,

but contains more or less of others. Among these-

the most frequent are magnetite, or the black

oxide, and hematite, or the red oxide of iron,

augite, and the golden-looking mineral already

mentioned, which is a variety of enstatite called

bronzite—the first two, as may be sup^^osed, liave

an important effect upon the colour. The rock

can be scratched with moderate ease by a knife,

breaks with rather curved and sometimes slightly

siilintery surfaces, has little lustre but a rather-

waxy appearance, and a slightly greasy or soapy

feeling to the hand. The rock on analysis is found

to contain about 38J per cent, of silica, 38| per

cent, of magnesia, 8 per cent, of the iron oxides, less,

than 2 per cent, of lime and the same of alumina,

1 2 per cent, of water, and small quantities of othei-

substances. These constituents are, of course,

somewhat variable ; there may be a little more of one-

and less of another, but, as will be at once observed,

the chief difierence between the composition of the

mineral and of tlie rock serpentine is due to the-

presence of the iron oxides—the most important

of the colouring matters to which the rock owes its-

beauty—and of some adventitious minerals.

We have thus defined our rock so far as can be

done from the hand specimen, and have entered

into these details because of the vagueness with

which the term has been employed. Many rocks^^
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•differing greatly in chemical composition, intimate

.structure, and in their relation to other rocks,

have been called serpentine. We, however, wish

to restrict the term to that particular species of

rock of which the Lizard serpentine foi'ras an ex-

•cellent type. We proceed next to consider its

history. A rock composed as above, with so hirge

a quantity of water in chemical combination, can

hardly be other than a metamorphic rock ; but

then comes the question, What was it prior to the

alteration—sedimentary or igneous ; and if the

latter, what name should we have given it could

we have seen it before the change 1 To show what

vague ideas have been entertained on this subject,

the following statement concerning serpentine from

an important text-book will suffice :
—" In some

cases its transmutation from other rocks is very

evident, as, for instance, from gabbro at Siebenlehn,

near Freiberg ; from dykes of granite traversing

serpentine rocks near Bohrigen and Waldheim,

in Saxony, where the main serpentine rock itself

is not improbably a transmuted granulite ; from

chlorite-schist at Zell . . . and from gneiss

{or probably an eclogite rock in the gneiss) at

Zoblitz, in the Erzgebirge. " * Now a typical

gi'anite has about the following composition :

silica 72, alumina 16, iron oxides 1J-, lime Ih,

magnesia ^, potash 5|-, soda 2i, water 1-0. It is

hardly possible to imagine a greater divergency of

composition, and the transmutation required is

almost as great as any that was professed by the

alchemists of old.

Let us then go to the Lizard and see what
evidence we can get in the field. We observe

there that the serpentine occurs in enormous
masses—extending over not less than a dozen

square miles of surface, and in cliff sections

more than a hundred feet high. It is clearly no

mere exceptional and local product, like those

cases of mineral change called pseudomorphism,
or like the alterations connected with certain

mineral veins. It would be as reasonable to say

that basalt was a transmutation product from
granite,. or vice versa. In this Cornish district, how-
ever, there are two rocks frequently associated with
the serpentine; these are gabbro f and varieties of

a rock called hornblende schist. It has here been
suggested that the serpentine might be the result

of alteration of either or both of these. This

* "Cotta Rocks Classified and Described," translated by
P. H. Lawrence, 1878.

t An igneous rock composed of a plagioclasen felspar and
diallage, with commonly some olivine.

notion is less unreasonable than the other, for the

composition of both is nearer to that of serpentine,

though still with considerable difference. Further,

the latter rock is variable in composition, and is

generally distinctly bedded, while the serpentine

is massive, homogeneous, jointed more like an

igneous rock, and yet different from the gabbro.

If, however, we examine the magnificent coast

sections from the Lizard Head (a mass of

hornblende schist) to MuUion Cove on the west,

and to Coverack Go\e on the east coast, we shall

obtain distinct evidence that the serpentine has

all the characters of a rock that is of igneous

origin, that it is intrusive in the hornblende schist,

and has itself been broken into by the gabbro.

Here and there we find a junction between the

serpentine and the hornldende schist, where the

former has thrust itself into the latter exactly, as a

felstone, or basalt, or any other igneous j'ock woidd

behave (Fig 1); sometimes also it encloses great

Fig. Junction of Sei-peutine (a) and Hornlilende Seliist fs) on
the Shore of the bay north of the Balk, Lizard.

blocks of the hornblende schist, which it has torii

off from the main mass on its upward progress. In

a similar way we find the gabbro cutting througii,

thrusting veins into, and including blocks of the

serpentine (though of smaller size, the rock being

more brittle) (Fig. 2). Here, in every example that

Fig. 2.—Veins of Gabbro (a) in Serpentine (b), north side of
Karak Clews, Lizard.

we examine along the coast—and there are dozens

—there is not the slightest evidence to be found of

a passage of the serpentine into the adjacent rock.

The boundary is as sharp and distinct as if the two
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surfaces were welded together; you may put the

pomt of yovir knife on the exact junction, and

examine it in a thin section under the microscope.

When we bring this instrument to aid our inves-

tigations we shall find that we are enabled to decide

not only that the rock is certainly of igneous origin,

but also what is has been formei'ly. It would

obviously be most readily formed from a rock con-

sisting mainly of silica, magnesia, and iron. We
should, therefore, look for its representative in a

non-aluminous or felspai-less group of rocks ; and

such a group there is—though a not very abundant

and till lately not very well known one—that

called the Olivine Rocks, or Peridotites. Now, at

first, when we place a slice of Lizard serpentine

beneath the microscope, we can say no more than

that it is like nothing else that we have ever

seen, omitting one or two distinct minerals occur-

ring here and there. We observe a nearly trans-

parent field, with a slightly veined or " marbled "

structure, more or less tinged with green or red, and

with scattei-ed grains of iron peroxide. On ap-

plying the polarising apparatus and crossing the

prisms, we find that a good deal of the field becomes

dark, but is traversed by wavy strings, or an irre-

gular reticulation of a pale-tinted finely fibrous

mineral. Examination of numerous slides will,

however, reveal to us in them a certain resem-

blance to the stiiicture of the mineral olivine, and

at last we shall obtain a specimen where several

grains of this mineral still remain unaltered, dotted

about the slide (Fig. 3). We then betake ourselves

Fig. 3 —Portions of Slides of (a) Serpentine and of (b) Llierzolite
under tlie Microscope. The dotted part is unclianged Olivine.

to the examination of the Peridotites, and select for

especial investigation one called Lherzolite,* because

it is known to contain enstatite or bronzite and a

variety of augite. Specimens of this assume some-

times a slightly serpentinous aspect, and on placing

* The nam? is from the Lac de Lherz, in the Pyrenees

(Ariege), where the rock occurs.

a slice cut from one of these beneath the micro-

scope, we find it traversed by thin strings of ser-

j)entine. These run in a root-like fashion about

the slide, the process of conversion mto serpentine

having obviovisly taken place along the rather irre-

gular cracks which traverse the gi'ains of olivine (Fig.

3). This mineral also frequently occurs in fair-sized

gi-ains iu the rock called gabbro. If we examine

some of these, selecting specimens where the

mineral has assumed a serpentinous as][ject,+ we-

shall find corroborative evidence. From the same

block specimens may be obtained which exhibit

the olivme barely changed, partially altered, and

in some cases wholly converted into serpentine,

showing in the last case the same iiTegularity of

structure as we noted in our first specimen.

The process of alteration is as follows :—It com-

mences along the larger cracks which traverse the

olivine, following in most cases the planes of natural

cleavage of the mineral. The first stage is the for-

mation of a layer of fibrous serpentine, with the

fibres at right angles to the crack. An irregular

reticulation of serj>entine strings is thus produced,

the meshes being formed of unchanged olivme.

The iron, which is a constituent I of that mineral,

does not of course enter into the composition of the

sex'pentine, but is oxidised and thrown down iu

tiny grains or as a clotted dust on the outside of

the strings
;
sometimes, indeed, the net-work looks

as if it had been irregularly tarred. The last

stage is the conversion of the remaining olivine

into serpentine. When this takes place, the non-

doubly refracting variety of serpentine seems

to be generally formed ; the iron is thrown

down as a granular clot in the inner part of

\ the grain ; and considerable molecular dis-

\ tiirbance seems often to take place, destroy-

\ ing the continuity of the net-work previously

seen, and giving that irregularity of structure

/ which we have noticed as common in or-

/ dinary serpentines. The enstatite also, which

is present in the rock, is sometimes more or

less changed into a serpentinous mineral.

The chain of evidence then seems complete.
^^^^^

Serpentine, using the term as above defined,

and thus including all or nearly all those which

are employed for decorative purposes, is an altered

olivine rock, such as Lherzolite. To this class

belong the sei-pentines of the Lizard, Wales, and

f One of these gabbros, to the eye much resembling a serjien-

tine, found at Coverack Cove, affords excellent instances.

j Olivine : 38 to 43 silica, 43 to 51 magnesia, 8 to 18 iron

protoxide.—Nicol : "BDneralogy," p. 269.
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Scotland—already mentioned ; the sei'pentine of

the Rhonda Mountains, in Spain; the beautiful

varieties from the Appenines, such as the Verde di

Prato, and the rocks of Levanto and Genoa ; that

from Elba, the Greek Isles, various districts of

Germany, and occasional localities in the Alps.

Much, however, which in these last mountains now
bears the name of serpentine, has no right to it ; and

probably the above explanation does not apply to

the handsome rock obtained in Connemara, which,

however, we have not yet had the opportunity of

examining in the locality where it occurs.

HOW EARTHQUAKES AEE CAUSED.
By Pjiofessor P. Maktin Duncan, M.B., F.R.S., F.G.S.

THE trembling and shaking of the earth, the

falling of buildings, the opening of the ground

in long iissures, and all the attendant horrors of

the earthquake, impressed mankind in the early ages

with the idea that it was a supernatural occurrence.

This is still the belief in most countries where

earthquakes are severely felt—countries where the

volcanic soil yields easy harvests, where the neces-

saries of life are few, and where Nature smiles

and frowns by turns on the most ignorant and

superstitious of mankind. The earthquake was,

and is still, considered a direct punishment visited

iipon the unusually callous. But there was a regu-

larity observed in the results of the earthquake.

It was noticed to be restricted to certain parts

of the earth and to certain parts of countries, and

there was an apjjarent connection between it and the

volcanic eruption. And as knowledge increased, it

was discovered that earthquakes were very nume-

rous, and that the notion of one sudden and catas-

trophic shake of the ground was not consistent

with facts, many minor shakes being found pre-

ceding and following every great one. Finally,

the effects of earthquakes on the sea, in producing

waves which travel at a great pace, and on the

land in destroying towns by cracking the walls in

definite directions, led to the scientific study of the

whole subject. The shaking of the earth, which

produced the results, was shown to be accompanied

by sound, and to be derived from a vibratory and

wave-like movement. It was studied, and Mallet

laid the foundation of and greatly increased the

knowledge of this new science, which took the

title of Seismology, from seismos, a shake, or an

earthquake.

Earthqiiakes, from their alarming and destruc-

tive character, have been recorded in histories

;

and, as might be expected, the early days of the

historical period do not yield so many instances

as later times ; but the Holy Land, Greece, the
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Grecian Archipelago, and Italy were evidently

much troubled by these catastrophes. Herodotus,

Thucydides, Strabo, the two Plinys, and Tacitus

ai'e authorities for a series of shocks which oc-

curred from about 550 B.C. to the year a.d. 79,

when the great eruption of Vesuvius followed an

earthquake. As years rolled on and civilisation

extended, the historians of other countries noticed

the phenomena, and those of Asia, even as far as

I'emote China, were recorded. Rome and Constan-

tinople appear to have suffered, especially during

the fifth century, and indeed the whole of the

eastern shores of the Mediterranean, excejib Egypt.

Notices of the occurrence of earthquakes in Spain,

France, and Central Germany are given by the

chroniclers of events in the latter part of the

centuiy, and the Japanese authorities I'efer to a

destructive one in a.d. 600. The records of the

seventh and eighth centuries are not so full of

earthquakes as those of the sixth, ninth, and tenth,

but the records of all Europe came under consi-

deration during the increasing age of the world.

An earthquake was recorded in England as having

occurred in 974, a few years after one in Egypt,

where a violent shock again occurred in 997. In

1043 and 1048 there were earthquakes of a mode-

rately destructive nature in England, and in March
and April, 1076, especially. Every century bi-ought

more records, thanks to more exact histories, so

that if we were to compare those of the eighteenth

and present centuries with those of 500 or 600

years before, it would appear that the unsettled

condition and vibrations of the earth's crust were

on the increase. It is a matter of more extensive

knowledge, and not of the more frequent occurrence

of the phenomena. There were, down to 'thirty

years since, at least 6,000 earthquakes recorded,

from every known part of the globe and from every

ocean, and whilst most of them wei'e in the neigh-

bourhood of active or intermittent volcanoes, others
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took place in districts which are remote from them,

and not a few in places where formerly, and in the

last geological ages, thei'e were volcanoes which

are now quite extinct. The regions of the Andes,

the north of Sicily, and of Naples, close to active

volcanoes, are examples of countries pre-eminently

subject to shocks; the remoter districts of England

and Scotland are comparatively slightly influenced

by the cause of the earthquakes ; but places like

E-ome, which are upon old volcanic hills, feel the

latent energy beneath them now and then, severely.

The earthquake shock and the volcanic eruption,

or rather the causes of the trembling of the eai-th

and the exi^losion and ejection of volcanic mate-

rials, are in evident relation, but it is true that

whilst an eruption appeal's to follow and to relieve

the earth from earthquakes within a certain dis-

tance, there ai"e some I'egions so remote from vol-

canic energy that the earth-shake is never recorded

in their annals. By placing on a map the places

where earthquakes have been recorded, aiid shad-

ing the regions of most frequent occurrence darker

than the others, the earthquake tracts of the historic

period can be understood. They, of course, run

along all the lines of volcanic cones on the earth,

and between the nearest ; but there are some re-

markable exceptions. A map thus shaded, and

with blank spaces indicating the countries free from

earthquakes, would show how very general are

these phenomena (Fig. 1),

It is doubtless true that the earthquake is not

recorded by savages, and that there are vast unin-

habited ti-acts on the earth which can yield no

histories ; and it is important to observe that the

blank spots on the map of eaii;hquake distribution

relate mainly to Greenland, Continental America

north of 60° N. lat., Asia north of the Arctic Circle,

and most of Northern Russia in Europe. Africa,

except slips to the north, by the Red Sea, and on

the extreme south, is a blank space, and so are

Australia, except the sea-coast on the east, and

South America east of the 65th parallel of west

longitude.

The tints denoting regions siibject to occasional

severe earthquakes will of course follow the lines

of eruptive mountains, now more or less in activity,

for distant volcanoes burst forth contemporaneously

along great distances, and science advances the

theory of deeply-seated spaces where the igneous

Tocks and gases and water are stored under im-

mense pressure. The nearer the volcano the more

severely felt Avill be the earthquake, and inter-

mediate districts will suffer more or less.

An earthquake belt commences in Tierra del

Fuego, and is marked along the west coast of

South America, Central America, and Mexico. A
line runs from the south of what was formerly

Russia in America, or Alaska, to Kamtschatka,

and thence through Jajian. Between these twO'

belts is much of the west coast of the United

States, where occasional eai-thqiiakes are felt, and

from this coast eastwards, occupying the great

valley and river basin of the Mississippi and all

the States south of the Lakes to the east coast, is a

tract never very severely shaken, but subject to

continuous small shocks, especially in the centre of

the region. An easterly prolongation of the South

American belt exists at the equator, and the

earthquake belt of the West Indian Islands is

continuous with it.

On the other side of the great ocean is a belt,

comprising the great islands between Australia and

the Asiatic mainland. These often-shaken islands,

Java being an example, are extremely volcanic,

and it is remarkable that they and one of the great

earthquake districts of South America should be

placed equatorially. The next belt of much inten-

sity comprises the Italian peninsula and the line

of the Alps ; and a second is intermediate, and

reaches along the flanks of the Himalayas to the

Caucasus, and thence by Syria to the Red Sea,

The north of Spain mountain district stretches as.

an earthquake belt to Portugal, Lisbon, and in the

Atlantic area to the Azores, Canaries, and Cape de

Verd Islands. A region of slight earthquakes ex-

tends thence over the Atlantic to the United States.

A northern belt connects Iceland with Scan-

dinavia, and a central European earthquake region

is more or less in relation with the Alpme system.

Far to the south at the Antipodes there is a belf>

from New Zealand northwards and southwards, and

a branch to the Australian east coast. Finally, the

north of Africa, the region of the Atlas, is in a

belt which is continuous with that of the volcanic

Atlantic Islands. There are probably no spots on

the earth where the earthquake shock is not felt,

but those mentioned feel it decidedly and sometimes

severely. On studying an earthquake map (Fig. 1),

it becomes evident that the severest shocks are

along lines of volcanic cones and along the

flanks of the nearest mountains, amongst which

the Himalayas, Alps, Appenines, Pyrenees, Cauca-

sus, Atlas, Califomian coast line, and their exten-

sions, are conspicuous examples. The older moun-

tains, such as those of Canada, Scandinavia, Scot-

land, and Wales, are never gi'eatly influenced by
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the sliock. With regard to the vast surface of the

•earth covered by ocean, it can only be said that sea

waves are produced on a grand scale now and then,

Avithout any notice of land earthquake occurring.

Probably there is not much earthquake of a sub-

marine origin, and when the sea is affected, it is

usually from the results of the shock commencing

on dry land and being diffused beneath the sea

iloor.

There are some of the earthquake tracts—those

in the volcanic regions of South America and

the islands of Java and Japan, for instance—where

the shocks are so frequent, some being very slight

•and others great, that no relation between the

.seasons and the phenomena can be made out. Else-

Avhere it appears that there are two marked periods

in every century (calculating for the last three

hundred years) when the earthquakes are more

numerous and intense, and one occurs in the middle

and the other at the end of that lapse of time. The

shocks of the greatest intensity are in the middle

period, but it must be understood tliat in the inter-

mediate time, when there are fewer earthquakes,

this does not relate to their intensity. A great and

most destructive shock may occur irrespectively of

time. Usually a great intensity of earthquake

action commences rather suddenly, but it does not

.subside with the same rapidity, for slight shocks

occur one after the other, and occupy some time

before the ordinary state of things returns. There

is some reason to believe that at least one great

•earthquake, extending over more than 1,000 miles,

•occurs every eight months, and that at least two

hundred, and prolmbly very many more, earth-

quakes of different intensities occur in the year.

Very naturally inquiry has been made regarding

the relation of their frequency to the seasons. In

the northern hemisphere there are fewest eaith-

•quakes in the summer, and the time of least sub-

terranean action is, according to Robert Mallet, in

May, June, and July, and the greatest activity is

:shown in December and January, so that the pre-

ponderance of what is called seismic energy, the

power to shake, is in the winter. Again, Perrey and

Mallet show that between December 11th and 31st,

•or in what is termed the winter solstice, and be-

tween March 10th and 30th, or the vernal equinox,

there are the greatest number of earthquakes ; the

periods of earth repose are at the sumnier solstice

and autumnal equinox. These curious results of

many observations are as interesting as those whicli

:show that there is a coi'resjjondence between the

pressure of the atmosphere and earthquake pheno-

mena, the " high glass " produced by increased

atmospheric pressure being accompanied by earth-

quake phenomena. But Mallet suggests that there

may be no connection between tlie pi'essure of the

air and the origin of the earthquake, and he notices

that the local increase of atmospheric pressui-e in

one locality and its diminution in a neighbouring

one may produce volcanic action, which is in direct

relation to the earthquake. The researches of

Perrey rather tend to show that when the moon is

nearest the earth, the earthquake shocks are the

severest, and this statement may be of the same

value as that regarding the influence of atmospheric

pressure. Tliey both relate clearly to the theory of

tlie cause of earthquakes. Some earthquakes are

so slight that the shock is not felt over many miles,

otliers are felt far and wide, and all may be classed

as great, middle, and slight, according to tlie dis-

tances along wluch they are felt. Great earth-

quakes which destroy cities and produce altera-

tions on the surface of the earth (pp. 64, G5, 68)

may have an extreme radius of 540 geographical

miles, or 9'^
: that is to say, they circle on all sides

from a centime, and the circle when measured across

is 18° of the earth's surface, or 1,080 geographical

miles. The Lisbon earthquake is an instance of

this kind. Tlie mean earthquakes produce much
less destruction and shake down places, but rarely

cause loss of life, producing little change in natural

objects
;
they have a radius (a line from tlie pre-

sumed centre of disturbance to its remotest part)

of 3', or 180 geographical miles. Finally, the

minor earthquakes, which leave few or no results o^

their shock, extend over some 60 geographical

miles, or 1° in radius; such are, for instance, the

little Scottish earthquakes at Comrie, in Perthshire.

When an earthquake occurs and its details are

recorded carefully, it is said to pass in a certain

direction,, and the expression is used, " The shock

passed " from some direction of the compass to the

opposite : from N.E. to S.AV., for instance. In some

districts where the shocks are moderately frequent

and slight, the direction is almost invariably the

same, and even in countries where severer shocks

are felt, it often happens that they take a definite

line of country, passing along mountain chains

and along river valleys, and ceasing sometimes

abruptly where the nature of the geology of the

district changes. Sometimes, however, it happens

when the earthquake is severe that it is felt

along very different directions, and the movement is

from a centre and radiates in all directions. Start-

ing from some spot, the shock is felt on all points
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of the compass around it, and the shake is carried

along mile after mile, spreading, at it were, in broad

circles, but ever moving directly forth in lines.

The record will then state that the shocks were felt

from such a place moving from S. to N., and in the

opposite direction, N. to S., and from W. to E., and

E. to W., (fcc. In reality, all earthquakes start from

what may be called a centre and radiate in all direc-

tions, but the nature of the ground causes the shock

to be severely felt in some, and to be stopped or

greatly diminished in other directions. Under all

circumstances the intensity of the shock is greatest

nearest the centre from which it apjyears to start,

and it diminishes gradually with space, and is at

last not felt. The movement in the earth which

constitutes the shock, travels most readily along

solid parts of the crust, and is interfered with by

softer portions intervening between the denser, or

by changes in the nature of rocks. A moimtain

chain is, of course, a compai'atively solid structure,

and the continuity of the earth in a valley is

usually perfect, hence the shock is carried along

them readily. But if the mountain chain ends in

a great collection of soft earth, or in low hills of

gravel or mud overlooking a plain, the movement

is checked there more or less. A deep valley Avill

extinguish the shock. With regard to the sea, it is

evident that the great earthquake waves have an

origin in the movement of the floor of the ocean,

which is carried out in the very movable water.

The waves extend in increasing circles from one

spot situated deeply, and every particle of the

water on the surface which assumes the movement

called a wave, moves upwards, forwards, and then

more or less downwards and backwards, towards its

original position. In fact, the sea is thrown into

the same kind of movement, which is infinitely less

perceptible on land, in consequence of the com-

pai'ative immobility of the particles of rocks and

earth. But whilst it is evident that the movement
begins deep down in the case of the sea, it is not

so readily apparent where it starts from on land.

In both instances the movement appears to travel

on the surface in a radiating manner, and has ap-

parently more or less regular directions. An ex-

amination of the cracks and fissures of buildings

which had been produced by earthquake shocks

showed Mr. Mallet that this suiface radiation, this

travelling of the shock in certain directions, was not

such a simple thing as might be at first imagined,

and that really there is not a direct movement from

one point to another along the ground. A city or

a house destroyed by an earthquake is a terrible

scene of desolation, but there is a remarkable order

in the disorder produced hj the shock. The budd-

ings are split and cracked in certain definite direc-

tions
;
pillars and monuments fall and walls tumble

in positions which refer to the path of the earth

movement. Some lines of hoiises may remain

intact, whilst others facing another direction may
be levelled with the ground. These lines of cracking

and directions of falling, indicate that the movement
is not simply one jiassing along the eai-th, but coming

up from a certain distance below the ground. In

fact, originating deep in the earth, the movement
radiates on all sides, and at last comes to the sur-

face at one place after another in enlarging circles,

taking time, and behaving as if the movement were

more or less along the surface. A very striking

proof of the deep seat of the commencing earth-

quake shock—that is to say, of the origin of the

movement—was given in describmg some of the re-

sults of the Calabrian earthquake. It was stated

that masses of earth were cast upwaixls, and the

pavement stones of some towns were found lying

with theii' lowest sides uppermost, whilst there

were well-authenticated instances of the upward

casting, to the height of some feet, of loosely-

lying structures (p. 71). To cast up a paving-

stone some feet, so that on falling it shall turn upside

down, can only be done by a force acting from

below like a sudden blow ; such a force would have

a special direction, which would be almost vertical,

that is to say, from below directly upwards. The
cracks in buildings were often found to be very

parallel with each other, as if the force had struck

the edifice not sideways along the gi'ound, but from

below through the earth, lifting it partly and split-

ting it across the direction of the force. Now, by

taking the direction or lines of the crack, and draw-

ing an imaginary line at right angles to them into

the earth, the direction of the shock or movement

can be ascertained. This line plunges down very

abruptly in some instances, and in others slopes

moi'e gently towards the ground. It makes an angle

where it enters the earth, which becomes less and

less with distance along the earth from the seat of

the deeply originating shock, so that sooner or later

the force comes so obliquely out of the earth, or

rather, is felt so by buildings, ikc, that it appears

to travel iiorizontally along the ground.

Ml-. Mallet, by examining the direction of the

cracks in many ruins in opposite dii-ections of the

compass, found that the imaginary lines drawn by

him at right angles to them into the earth, tended

to approach each other if they were sufliciently pro-
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longed in a diagram or plan, and that they pointed

to the focus, or place of origin, of tlie earthquake,

which was always at a considerable depth. This

region of commencing disturbance, Mr. Mallet has

•explained, may be of considerable size, and from

what has been stated in these pages^ its connection

with underground volcanic phenomena is almost

certain. The sudden expansion of intensely heated

water in an underground cavity, or explosions

caused by chemical changes there, and the injection

of lava—that is to say, rock dissolved under great

^pressure and heat by water—between the strata or

layers of the earth, would suddenly press outwards

on all sides upon the surrounding dense rocks.

These could not move much, in consequence of their

being beneath some miles of similar substances,

but each particle on receiving the jar or outward

momentary thrust would communicate it to that

above it, and so on to the surface. At the surface

of the ground there are no other dense substances

to restrain it, and the motion becomes evident. All

along the line of particles there is a movement out-

wards from the source, and a return in the corre-

sponding and opposite direction. Every spot around

the vinderground cavity has its particles compressed,

.and as they are more or less elastic there is a re-

turn to the original position, except in the instance

of the surface rocks. It is just the same kind of

movement that may be produced by placing a set

of balls in a row in close contact; a gentle and

sudden knock on the first, not sufficient to displace

it, will act along the whole, but the last ball, not

being retained by another beyond, will fly off. This

underground movement of the particles on all sides

from the focus of the earthquake is said not to be

felt in mines, for they are in the midst of rocks

which are pressed upon by others, but it becomes

evident first of all in the earth directly over the

focus. There the blow on the outermost particle

will be directly from beneath, and it will, according

to the rapidity and intensity of the movement, be

^hot up in the aii-, or only lifted up and returned

ralong the same line. The instance given of the

.capsized paving-stones occurred over what is called

the seismic vertical, or in a straight line immedi-
ately over the focus. The shock which does the

mischief is, of course, first felt on the surface at the

:shortest distance from the focus or immediately

above it ; the last feeling of the shock is miles and

miles away from this seismic vertical, aird that is

because the distance between such a locality and
the focus is very great, and a great number of par-

otides have to be moved one after the other along a

slanting direction. Between the seismic vertical

and the remote spot the shocks come up to the

surface one after the other with great ra2)idity.

Starting from the focal space, the movement is

along a succession of more and more slanting series

of particles, and it reaches the surface at the same
time in circles around the vertical point over the

focus. By drawing a diagram on a map (Fig. 2), of a

numberof circles becoming larger and larger around a

common centre, it will represent the seismic vertical

or centre where the shock is first felt, and each circle

indicates the points of ground at which the movement
was felt emerging simultaneously. The emergence

of the movement from below becomes more and

more oblique as the circles enlarge, and what is very

important, the intensity of the movement diminishes

in a corresponding manner. So rapidly do the

particles move from below upwards in the succes-

sive circles, and so rapidly does each paiticle return

to its place in the same dii-ection, that a wave-

like movement is produced along the ground,

moving on all sides from the seismic vertical. The
rapidity of that movement can of course be

measui-ed by comparing clocks at different shaken

places on the circles. If a line be drawn through

the cii-cles and through the seismic vertical, it will

be one along which the wave or apparent along-sur-

face movement will progress from the position of the

first shock. Whenever the line cuts a circle to the

right or left (or in any opposite directions) of the

vertical point, there the shock will be felt simul-

taneously. The circles are termed seismic circles,

Fig. 2.—Diagram of Seismic Circles.

B, Seismic vertical ; 1, 1*, 2, 2*, s 3*. 4, 4*, Cosnismic imints on Seismic
ClrclCB.

and the points of simultaneous shaking or of par-

ticle movement are coseismic points.

There is a remarkable difierence between the

rapidity of the passage of the movement through

the earth to the surface and that of the movement
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along the surface caused by the succession of the

former event. The first impetus given by the ex-

plosion or expansion within the confined under-

ground space is not carried to the surface with its

primary raj^idity and strength. The resistance of

the rocks is considerable, and the meeting with

soft and hard earths interferes. Tlie movement

diminishes rapidly towards the surface, and thei'e-

fore also the force, or the power to do mischief.

On the other hand, the succession of surface move-

ments reaching across the circles takes place more

rapidly, but it has not a corresponding effect.

If a diagram (Fig. 3) be drawn to illustrate the

nature of the movement in the underground rocks

from the earthquake focus to the surface, the radiat-

ing lines, a1, a2, a3, wonld represent the direction of

the movement. This travels on all sides from a, and

travel from b southwards and northwards simul-

taneously.

All kinds of secondary effects are produced by

this extension of an internal expansive force ; the-

movement may be turned or deflected from its

straight path by the presence of solid rocks, and

may be stopped by wide faults or divisions in the

strata, and moreover sound-waves are produced.

From the nature of the presiimed cause of the

underground movement, the occurrence of a num-

ber of successive shocks is to be expected before

quietude recurs. There is every reason to believe

that there are deeply seated communications

between volcanic regions, and that in the grand,

yet almost invisible, movements of the earth's outer

parts during the contraction of the whole, as the

original heat is lost, spots are relieved of certain*

•J' c -A c d e

Fig. 3.—DiAGKAii Ill!;steating Direction of MovEiiENr fkoji Eaethquak?. Focus.

the parts of circles drawn show depths where the

shock would be felt at the same time—that is to

say, the particles would move simultaneously on

the lines thus, c, c, cl, d', and so on, as if these

were sections of hollow shells placed one over the

other. The movement would reach the surface

of the seismic vertical (b) first, immediately after-

wai'ds it would occur simultaneously at the coseismic

points (compare this diagram with the last) 1 and 1',

and then at 2 and 2' and 3 and 3'. The j^articles

at B would have returned to their original position

before those at 1 began to move at the surface, and

these would be moved before those of 2 ; hence

upward and downward movements in succession

occur, and this is termed wave-movement, and

is the outwai'd manifestation of the inward

earthquake movement. The shock or wave will

amounts of pressure, and great changes occui' in the

nature of their component rocks. With regard ta

the dejith at which earthquakes commence, Mallet

has shown that it varies but is always considerable.

By carrying downwards the imaginaiy lines ali'cady

alluded to as indicating the 2>atlis of emergence of

the shock at a number of coseismic jioints, a rough

indication is given of the focus (a in Fig. 3), and

it may be deep in itself, wide and extensive, or

limited, and at a depth in the earth of from eight

to forty miles. Knowing the depth of origin and

the rapidity of the shocks on the sm-face, it is pos-

sible to calculate the rate of earthquake movement.

Everything indicates that the earthquake is inde-

j^endent of circumstances outside the globe, and

that it is an event as necessary and inevitable as

the volcanic eruption.
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THE OEIGIN OF OUE DOMESTICATED ANIMALS.
By Eev. M. G. Watkins, M.A.

APART from the interest naturally attaching

to the domestication of the difi'erent animals

which man has chosen to live with him and

minister to his wants, the investigation into the

time when he first adopted each, and the manner

in which they gradually became tame, is of great

importance in tracing the early fortunes of the

human race. Civilisation went hand in hand with

man's obtaining animals to subdue the ground and

supply him with more conveniences of living. Thus

a study of the domesticated animals and their

origin demands a study of the early inhabitants of

Europe, of those primitive cave-dwellers and

dwellers in houses supported on piles driven

into the lakes, who have been revealed to us

by science as the immediate ancestors of historic

man. An inquiry, therefore, into the origin of

domestic animals compels us to go back to very

early days in the world's youth, when Europe was

much of it covered with a per^Jetual ice sheet, and ex-

tinct elephants, cave-bears, rhinoceroses, and the like

roamed its trackless forests, and reared their young

where now stand the proudest capitals of the world.

It must be remembered too that Great Britain was

during much of this period united to the Continent,

and so no one need be surprised at elephants' teeth

being dredged up off the Norfolk coast, and at the

motley assemblage of wild beasts brought before

him by the contents of the hyena's cave at Kent's

Hole and other localities. The bones, the tools of

stone and bronze, and the like, found in the mud of

lakes where were man's dwellings in those pre-

historic times, or in the barrows where his tribes-

men laid him at rest, will greatly help these

investigations. Again, bones and other remains

of the domesticated cattle of hundreds of years ago

are not unfrequently at the present day found in

peat mosses and similar localities, which are useful

in these inquiries. Just as the precious translucent

jade, which is so eagerly prized both by primitive

and civilised man, must have been brought into

Europe from China, so the earliest glimpse we can

obtain through the dim haze of long distant ages

into the history of our domestic animals leads us

to think of the tribes of wandering Tartars who at

present inhabit the great deserts of Northern and

Central Asia, and of the wandering Arabs of

southern and warmer tribes, who all adopt the

nomad life and take theii" domestic animals with

them from place to place.

These thoughts lead inquirers to a still remoter

antiquity, and they see the first travellers from the

cradle of the human race finding their way, after

the dispersion of mankind, into Europe. The home
of primitive man Avas doubtless somewhere on or

near the plateau of Pamir, whence a stream or

streams of migration descended upon Hindostan
on the one hand and towards Europe on the other.

Travelling westwards and south of the Caspian,

in all probability, our ancestors made their way
through Armenia and Asia Minor, and so over the

Bosphorus near Constantinople. It is not difficult

to imagine these early folk, with wonder-stricken

eyes, lighting upon the sunny regions of Greece

and Italy, and at once determining to rest from

their toils amidst myrtles and fruitfulness. It were

easy for those who pushed still farther west to the

pillars of Hercules, and then north till they were

confronted by the white cliffs where now stands

Dover (supposing that Great Britain had then

assumed an insular position), to cross the interven-

ing straits, just as daring barbarian navigators

impel their canoes at the present day from their

homes in one Polynesian island to another, and

as America itself was peopled long ages before

Columbus, by means of voluntary exiles or storm-

driven refugees carried to its north coasts from Asia

by Behring's Strait. Naturally but few domestic

cattle would accompany these early pioneers of

civilisation; they would gradually domesticate

and improve the breeds of such animals as they

found useful amongst the indigenous inhabitants of

the district. Thus the dog, as we now know it,

might well spiing from several or many wild types,

and the European, or rather Asiatic, sheep be

crossed with an American representative of the

Ovidce.

Inasmuch as man in a hunting society preceded

man as a tiller of the ground, one of the earliest

animals which he might be supposed to domesticate

would be the dog. Next would come the horse.

At least, such would be the order did we trust our

own ideas of what would happen in the infancy of

civilisation. But how dangerous such d, priori

modes of reasoning are may be seen in tliis case by

calling to mind that in the Homeric poems, long
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after men had dwelt in settled societies and founded

cities, the horse is never employed to help man
in hunting. All through the battles befoi'e Troy

the horse is never ridden by the Greeks. It seems

that men had not yet discovered how to lide it,

for it is regarded as a beast of burden, useful only

for drawing the heroes' chariots. In like manner,

Mjstilf [Assijrian).

elephants were pi'obably never used by the natives

in India from which to hunt tigers until the last

century, when Em-opeans showed Orientals their

value against a tiger's charge. It is

probable, however, that mammals were

domesticated before birds. Barnyard

fowls, peacocks, and the like are

luxuries in the eyes of a race emerg-

ing from savagedom. The j^i'esump-

tion is, that of animals, the first or

one among the first to be tamed was
the dog, and to its history, therefore,

we shall first address ourselves.

The great question with regard to

the dog is one which the vast diver-

sity of its breeds naturally suggests :

is it descended from one wild an-

cestor, such as the wolf, or from

several ? At the earliest known his-

torical period several breeds are found

existing, very unlike each other, and closely

resembling those which we possess at present.* A
glance at any illustrated book on the Assyi'ian and

* Darwin : "Tlie Variation of Animals and Plants under
Domestication," Vol. I., p. 16.
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Egyptian remains will showtliis (Fig.s. 1, 2). " But
long before the ])eriod of any liistorical I'ecord the

dog was domesticated in Europe. In the Danish

Middens t of the Neolithic or new stone period

bones of a canine animal are imbedded," and it has

been ingeniously argued by Mr. Darwin that these

belonged to a domestic dog, for a very lai'ge pro-

portion of the bones of birds preser\ ed in tlie refuse

consists of long bones, whicli it was found on trial

dogs cannot devour. The North American Indian

dogs at the present day are like North American

wolves ; Eskimo dogs too resemble the Arctic wolves.

In Europe many Continental shepherd dogs closely

approximate in appearance to the wolf The wolf

must therefore be deemed the parent of the dogs of

the West. As for Eastern dogs, they may well have

sprung from the jackal, so common in hot countries.

In the Scriptures dogs are generally spoken

of with loathing and contempt. Much pains have

been taken in these investigations by Mr. Darwin,

and he considers that several species of wolves and

jackals must be regarded as the ancestors of the dog,

unless we are to accept Professor Huxley's dubious

hypothesis of the dog having, like the horse, a still

more remote ancestry, which must be sought for in

the dry bones of tertiary rocks.

Curiously enough, the habit of balking, which

is almost universal with domesticated dogs, does

not characterise a single species of the family

in a wild state. It is said too that when dogs

relapse into a savage state they lose their habit

Fig. 2.—Greyboimds (Egyptian).

of bai'king. Climate, again, appears to modify the

forms and disposition of dogs. It is for this reason

that English hounds when sent out to India I'apidly

t "History out of Refuse Heaps ;

n., p. 102.

'Science for All," VoL
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decline both in bodily constitution and characteris-

tics, while bulldogs lose their pluck and ferocity

after two or three generations, and even their under-

hung jaws. It is curious too how long the dog

retains the habits which tell of his wild ancestry.

Thus, however well and regularly fed he may be,

he often buries, like the fox, any superfluous food

;

and he never lies down deliberately on the hearth-

rug without first turning round and round, as if to

trample down sufficient grass to form a bed, just as

his far-away ancestors used to do in their native

forests.

It has long been known that our domestic cats

are not sprung from the wild cat indigenous to

these islands, and yet found in the north of

Scotland, but from some Eastern stock. The wild

cat, indeed, does breed frequently with the shepherds'

cats in the Highlands, and St. John remarked on

the tendency which the progeny have to assume

the characteristic grey and stripes of the wild

variety. Cats were early domesti-

cated in the East, as is proved by

their mummies found in Egypt-

Some have fancied from the very

name Puss (qiuisi "Perse") that

they came to us from Persia. These

Egyptian feline mummies (Fig. 3)

belong to three distinct species of

cats, of which two are still found

both wild and domesticated in parts

of Egypt. We do not possess so

many breeds of the cat as of the

dog, but different types of it exist

in different countries. Thus the

Manx cats are tailless. In the Malay

Archipelago the cats have short

tails about half the ordinary length,

often with a soi-t of knot at the

end. In several countries the cat

has run wild. In New Zealand it

then assumes the streaky gi-ey ap-

pearance of the cats belonging to the Highland

shepherds. The story of Dick Whittington also

seems to point to the foreign origin of the cat,

while the singular and excessive penalty attached

to killing the king's cat by the ancient Welsh laws

strengthens the inference that it was higiily valued

as a precious animal.

The origin of the horse is lost in antiquity

(Fig. 4). Remains of this animal in a domesticated

condition have been found in the Swiss lake-

* See Hougliton :
" Natural History of the Ancients " (1870),

pp. 85-92.

Fig. 3.— Mummy
of Egyptian Cat.

dwellings belonging to the Neolithic period. It can
withstand great cold, but becomes stunted in islands

and on mountains. Neptune produced the horse

from the earth by striking it with his trident, said

the Greek myth ; this looks as if that animal had
been transported to Greece by sea. No truly wild

horse is at pi-esent known to exist ; the wild horses

of the East are commonly supposed to be sprung

from escaped animals, and those in America to

be descendants of the horses brought over by the

SiJanish conquerors, the bones of the original horses

of the country in a remote geological age being

found in a fossil state. The Normandy farm-horses

and those which draw the London drays exemplify

-pig. 4.—King's Cliariot {Assynan).

the power of careful breeding in imiiroving this

animal, for horse-shoes, supposed to be Roman, have

been found in the west of England which must have

belonged to horses not much larger than our Dart-

moor ponies.

As for the donkey, there is no doubt of his

having sprung from the wild ass still found in

Abyssinia (Fig. 5). The donkey too varies greatly

in size and appearance. In Western India, where

it is used as a beast of burden, it is not much

larger than a Newfoundland dog, " being generally

not more than from twenty to thirty inches higli."

Coming now to pigs : two parents of all the

European pigs are described, one the wild boar,

the other a Chinese porcine variety. The wild

boar has a very wide range. It became extinct in

England only in recent times. Sir T. Cumberworth,

a Lincolnshire knight, when making his will in

1450, leaves his "bor sper" to a friend as natiu-ally

as might a captain quartered in Bengal, and the

wild boar is found in all the iiitervening countries.
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Pigs descended from it were kept by the Swiss

lake-dwellers. The Chinese are particularly careful

of their pigs, and will not even suffer them to walk

from place to place. Few animals vary so much

in appearance accoi-ding to their different breeds.

In the central islands of the Pacific Ocean a

singular breed is described of small size, hump-

backed, with a very long head, short ears turned

backwards, and a bushy tail not more than two

to us in the form of tlie sacred Brahmin bulls which

walk about Eastern streets, and which it is the

height of impiety to drive aAvay from favourite

.spots or in any way to molest.

Turning to the humpless breeds, at least nineteen

well marked varieties are found in Great Britain

alone, only a few of which are identical with those

on the Continent. By examining the fossil remains

of European cattle, two chief types are found, one

Fig. 5.—Asses (Bjypfi'm).

inches long. The Thersites of pigs must surely be

sought in this breed. Tails, however, are appendages

with which pigs can easily dispense. We knew a

horse which bit the tail off every pig which

liaunted the fold-yard in which he was kept, and

they were none the worse for the mutilation, being

sible "to roll their prurient skin" in mud, and so

do without the organ which is so useful to cows

and horses for driving off flies. There is much

more difference between a well-bred Berkshire pig

and a wild boar than between the wild horse and

a modern race-horse. Occasionally solid-hoofed

swine ai'e found. Some pigs, more especially those

of Normandy and Ireland, exhibit curious tassel-

like apj>endages, which hang from the corners of

the jaws. "What their use is or whence derived it

is impossible to say.

Just as our dogs and pigs are the descendants of

more than one wild form, so cattle fall under two

great divisions : the humped kind, inhabiting

tropical countries, and the common non-humped

cattle. The humped cattle may be seen domesti-

cated at least 2,000 years before Christ on the

Egyptian monuments. They have many diffei'ent

characters at present from the ordinary breeds.

They grunt rather than bellow, "seldom seek shade,

and never go into the water and there stand knee-

deep like the cattle of Europe." They have run

wild in parts of India, and can maintain themselves

in regions infested by tigers. They are best known

of which, of great size and ferocity, existed as a

wild animal in Caesar's time, and could never be

tamed even if taken young.* According to some this

variety is now found in a half-wild state at Chilling-

ham Castle, Northumberland (Fig. G). The other

kind was of small size, and had a short body, with

small horns and fine legs. J This was introduced into

Great Bi-itain as a domesticated animal at a very

early period, and furnislied food for the Roman
legionaries quartered here. It was also very com-

mon in Switzerland during the existence of those

races of men who used jjolished stone weapons, and

is probably the variety of which Herodotus speaks

which was confined in the Scythian lake-dwellings,

and fed on fish caught from a trap-door opening on

the lake. The little Welsh and Highland cattle of

the present day are believed to have descended

from this form of the ox. Another species {Bos

/rontosus), with a high protubei'ance in its skull,

was in all probability the ancestor of the Scottish

Lowland black cattle with their high foreheads.

All our cattle therefore, it seems, sprang from these

two types, the large and the small variety, to whicli

this last is closely allied.

The Park of Chillingliam is mentioned in the year

1220. Many will remember Sir Edwin Landseer's

fine picture of its cattle, painted not long before he

died. These animals are white, Avith the inside of

* Bos primU/cnim. See Csesar, Bell. Gal!., VI., 28.

X Bos longifrons, the small Celtic short-honitd ox..
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the ears reddish-brown ; the lioofe are black, and

the horns white, tijiped with black. At certain

times they are very dangerous to strangers.

Several other British parks either have, or had

until lately, the same breed. When oxen escape

and become wild on desert islands, it has been

noticed that the ears of their descendants almost

Fig. 6.—Head of Cbillingham Bull.

(From a Photograph hy the London StereoscopU Company).

always turn reddish and their skins white, like

these oxen.

Retui'iiing to the British breeds, the chief differ-

ences between Shorthorns, Herefords, Alderneys,

red Devons, and the like must be familiar to all

lovers of country sights. It is veiy perplexing,

howevci', to assign reasons for these types and their

constancy. Each district is wedded to its own
variety, and carefully selects the best specimens of

it for breeding. Then, again, climate and food

doubtless affect these varieties in no inconsiderable

degree. In South Africa there are many distinct

and equally curious vaiieties, almost each tribe

possessing oxen with different characteristics.

Selection, climate, and crossing, as has suited

man's caprice, will perhaps account for them all.

Of the more useful domestic animals, sheep and

goats yet remain to be treated. From a very eai-ly

pei'iod sheep have been domesticated. The Swiss

lake-dwellings have disclosed remains of a small

kind, with thin legs and horns like a goat. This

.species differs somewhat from any now known.

Sheep, like cattle, possess many distinctive features,

horns or their absence, longer or shorter fleeces,

and the like. Our different English varieties are

admirably suited for their own localities, and it is

curious that they will not succeed in France.

Even in some parts of England it has been found

impossible to keep certain kinds of sheep. As for

the ancestors of our domestic sheep, it is imprac-

ticable to trace them. Authorities differ very con-

siderably on this point. We believe that the Ovis

Ammon (or wild sheep) of Chinese Tibet is the

pareiit of our sheep. The Big-horn (or wild Ameri-

can sheep of the Rocky Mountains) is closely allied

to this. And in Europe lives a wild slieep much
smaller than any of these, known as the " Moufflon,"

or " Musimon ;
" it inhabits the highest mountains

in Corsica and other islands of the Mediterranean.

" In Switzerland, during the time of the lake-

dwellers, the domestic goat was commoner than the

sheep, and this very ancient race differs in no

respect from that now common in Switzerland."*

It has certainly come, like so many other domestic

animals, from the mountains of Asia, where a wild

goat (Capra cegayrus) yet lives. The differences in

size, length of horns, &c., among domestic goats

are very great, but the animals reverts to wild life

with much facility, and has been known in Scotland

in a very short time to become as suspicious and

fleet of foot on the mountains as a red deer, so that

it had to be stalked and shot with a rifle. Indeed,

it has there been recommended as a substitute for

deer. No really wild goat, however, is found in

Europe. The animal came in with the men who
first settled on the Continent from Central Asia.

One rriore quadruped remains : the rabbit, so-

frequently kept by boys. It is descended, there

can be no doubt, from the common wild rabbit, but

is much modified by confinement, selection, differ-

ence of food, and similar conditions (Fig. 7). Hence

come all those monstrous forms of the ears which are

termed " lops " and " half lops." The rabbit was

early domesticated, and the changes it is capable of

undergoing may be estimated from the fact that an

English lop-eared rabbit has been exhibited which

weighed eighteen pounds, whereas a wild gi'ey

rabbit weighs only about three and three-quarter

pounds. In 1869 another lop-eared rabbit was

shown whose ears measured from the tip of one

to the tip of the other 23|- inches in length

and 5J inches in breadth. The length of eara in a

wild rabbit is 7| inches. When tame rabbits of

* Darwin* :.
" The Variation of Plants and Animals, under

Domestication," I., 105.
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any colour are set free in Europe they generally

revert to the original grey of their ancestors.

Most of the larger breeds possess larger heads but

lesser brains than do wild rabbits, thus showing

Fig. 7.—Hare and Biids {Assyrian).

that disuse of any special need to exercise the brain

results in dwarfing that organ, as it does in so

many other cases. But on the other hand the food

supplies of the nation are largely increased by the

great size to which domesticated rabbits witl grow,

and of coarse this is the main object of domesti.

eating them.

To tin-n now to the common birds which have

been reduced to subjection by man and taught to

stay near his abode. Perhaps pigeons first invite

attention. When their variety, curious habits, and

fantastic aj^pearance are duly considered, from the

fantail, the pouter, the carrier, the Indian tumbler

(which tumbles on the ground), the English

tumbler (which turns somersaults in the air), and

many other singular varieties, it is at first scarcely

credible that they should all have sprung from

one ancestor, the common blue-rock pigeon of our

maritime clilFs
;
yet so it most certainly is. Careful

selection and breeding produced all these mde-

spread divei-gencies. A vokiminous literature about

the pigeon has sprung up both in European and

Oriental languages, and an immense body of

observations on it has been accumulated by

fanciers, as Mr. Dai'win says, " for some 5,000

years." These breeders all find that the white tail-

feathers of the wild rock pigeon are continually

I'eappearing in their most careful strains. Nature

will maintain her own colour and fashion. From
this and other indications there can be little doubt

that in the pigeon which darts out of the sea-

caves at the approach of a visitor, in the northern

parts of our island, the origin of all the varieties

may be seen.

Similarly the ancestry of all our domestic fowl*

may betraced from the jungle-cock of Northern India

[Gallus Bankiva). Every one is familiar with the

surprising differences between black Spanish fowl&

and Dorkings, Polish fowls with frizzled crests and

the diminutive bantam
;
yet all these are produced,

and have been j^roduced, from the same wild fowl

of the Indian jungles. Remains of the fowl have

been found among pre-historic relics and extinct

animals, but it is not named in the Old Testament

or figured on the ancient Egyptian monuments. It

appai'ently reached Europe in a domesticated

condition somewhere about the sixth century

B.C. Julius Csesar found it in Britain on his

arrival. This helps us to form a mental picture of

the westward migration of the human race, and we
may add a touch to it from a sight which was

visible in Sutherlandshire in the summer of 1879.

A colony of gijjsies was travelling with one cart,

which contained several old women sitting com-

fortably on bundles of straw ; kettles and pots were

hung underneath the cai-t, the men walked by the

side, and on the rails of the cart sat in great tran-

quillity, beside the women, five or six fine hens

—
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the poultiy yard of the wandering tribe. But a

more sober watclier of the progress of the band

might portray to himself that after some such

liomely fashion did tlie progenitors both of these

people and their poultry travel to us all the weary

miles whicli lie between Europe and the Himalayas.

Our ducks are descended, without a doubt, from

the common wild duck, which has a wide geo-

graphical range, from North America to Bengal.

A-U country folk are aware that wild and tame

lucks will breed together, and that birds so bred

from the wild ones are much better for the table

than ordinary barn-yai'd ducks. It is singular that

young ducks, even when bred from the eggs of

wild birds, often suffer when allowed to go into

water at a tender age. We have known one

duckling thus put into its native element when
about three days old, and suffered to swim. Kind-

ness killed it, and it died of the immersion.

This is said, however, to be a well-known difficulty

in rearing young ducks. On the other hand, in a

wild state, they take to the water at once, and

that with perfect impunity.

The next inmate of the poultryyard which calls for

attention is the goose. It is manifestly sprung from

Fig. 8.—Geese {Egijplian).

the common wild goose [Anserferus), which is often

and easily tamed at present. The goose was domes-

ticated in Homer's time (Eig. 8), and was kept in

the Capitol at Rome as being a bird sacred to Juno.

It once saved the city under critical circumstances,

as all will remember. Asthe goose arrives at a goodly

size and flavourbynature, domestication has not been

put under requisition to produce many varieties,

so that this bird has been singularly little alianged

from the earliest date of its being \iQ]}t by man.

The peacock comes from the jungles of India, and

is another bird which has scarcely vai'ied under

domestication, except that white or piebald speci-

mens are not uncommon, just as j^lieasants vaiy at

times. Perhaps the plumage of our tame peacock

is rather thicker than that of the wild bird, but no

other differences between the two can be discovered.

" Whether," wrote Mi*. Darwin, " our birds are

descended from those introduced into Europe in

the time of Alexander, or have been subsequently

imported, is doubtful."

Tlie turkey is, of course, a misnomer. It is

descended from two parent forms, the ]\lexican

variety and the wild turkey of North America.

These latter birds have been frequently kept in

England during recent years. The guinea fowl is

another curious misnomer. It inhabits extremely

arid districts in Eastern Africa, and has hardly

varied at all under domestication, except that the

plumage becomes either paler or darker in colour.

The parent bird is the Numida j)tilorli>jnca. The

guinea fowl even now cannot be reai'ed in a damp

climate, and loves to lay its eggs away from home

in exposed situations, choosing by preference those

facing the east, doubtless from some inherited pre-

dilection for its old desert life.

One or two remarks may be made in conclusion,

though our space will not admit of canary birds,

pheasants, gold fish, and other household pets being

discussed. The history of our domesticated animals,

as we have reviewed it, seems to point out that man

tamed for his own purposes, first the dog, next the

pig, then the ox. This, too, is Professor Rolle-

ston's view. After the primal gift of these

creatures to man, the fact that they have so largely

improved under his fostering care shows that

the conveniences, and even the luxuries, of life

are not grudged to man any more than the

necessaries. But this gift does assuredly not

authorise any manner of cruelty, neglect, or

thoughtless usage of the lower animals. He who

is most impressed with the long ancestry of our

domestic animals, with the benefits they confer

on us, with their engaging habits and beautiful

forms, is the least likely to behave cruelly towards

them. They demand, in return for the benefits

they give us, kindness, humanity, and considera-

tion. As with care animals are capable of

improvement by man, so he who acts cruelly

towards them, himself retrogrades in the I'ank of

ci-eation

—

" Puts off his generous nature, and to suit

His manners with his fate, puts on the brute."

.

Coivpcr.
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SEA-ANEMONES.
By Dr. Anduew Wilson, F.E.S.E.

THERE are no animals more flower-like in

appearance than the familiar sea-anemones of

our coasts. Rooted and fixed to tlie rocks, they

spread their tentacles abroad in the limpid water

of the rock-pools like so many beauteous blossoms.

The anemone-tank in an aquarium is to all intents

and purposes an animated flower-garden. The hues

of its contents I'ange from the deep crimson of

the " mesembryanthemum "—-as naturalists term

the common species—to the pure white of the

" dianthus
;
" and tints of green and orange, of

purple and violet are not wanting to make such a

sight as beautiful as it is interesting. The very

names of the "anemones," from that latter term

itself, to the " dianthus " and " anthea," are

derived from the domain of the botanist. As we
see the anemones expanded to the full on their

rooky shelves and ledges in the aquarium-tank—or

better still, if we visit such an anemone-paradise

as the caves and grots of the Devonshire coast ex-

emplify—we cannot wonder that terms of floral kind

are rife indeed even in their scientific description.

Small wonder is it, therefore, that the poet and

natui'alist should for once agree in sounding the

praises of this fixed race of beings.

It is not so very long ago since the sea-anemones

and their kith and kin were esteemed veritable

plants. Thereby, however, hangs a tale of some

little instruction and interest, and its brief recital

will form not merely an introduction to sea-anemone

structure, but will indicate certain relationships of

these beings to other animals of well-known kind.

About the year 1706 a famous French naturalist,

the Count de Marsigli, had described in his book
on the "Physical History of the Sea" the so-called

Red Coral " Plant " of his day. In calling the
" Red Coral " a i)lant, Marsigli was simply follow-

ing the teaching of his own day, and was declaring

a fact apparently in harmony not merely with his

own researches, but with the collective wisdom of

the ancient world. * Ovid had declared, for example,

that the Red Coral was a marine plant, which pre-

sented a soft structure so long as it remained in its

native waters, but which became hard and stony on

exposui-e to the air. This ancient idea was exploded

by naturalists showing that the coral was hard

"whether in water or in air, but the belief that it

* "Science for AU," Vol. III., pp. 1-6.

was a plant still remained up to Marsigli's day. A
branch of Red Coral is truly plant-like. As it is

obtained fresh from its native waters in the Mediter-

ranean Sea, it is covered with a soft living flesh,

as a tree is covered with its bark ; and when this

flesh is scrutinised closely, there are seen to exist

in its substance little flower-like organisms. Each
" flower " of the coral has eight little fringed petals

;

each is highly sensitive, and withdraws itself into

the substance of the soft bark when touched; whilst

beneath this soft bark is the hard red coral. A
certaiia pupil of Marsigli's, Peysonnel by name, was

in time despatched from Paris to the coasts of the

Mediterranean to study the "coral plant." This

was in 1726. Peysonnel, proceeding with his

investigations, soon came to a conclusion utterly

opposed to that of his master. Instead of support-

ing Marsigli's doctrine that red coral was a plant,

Peysonnel declared it to be an animal. The so-

called " flowers " of the coral Peysonnel urged were

true animals ; and he suggested their resemblance to

the "petites orties," which term is the familiar

French appellation for the sea-anemones themselves.

Strange to say, the new fact which Peysonnel had

discovered was not merely discredited without

inquiry into its mei-its, but the author himself was
subjected to a kind of passive persecution which
disgusted him with science and European civilisa-

tion alike ; and he consequently retired to the West
Indies, where he practised as a naval surgeon.

But Peysonnel's work and suggestions bore their

fruit in due course. A certain Mr. Trembley, an

Englishman resident at Geneva, had meanwhile

been experimenting upon the little Hydias of our

ponds and ditches. He had been slicing these

animals in various ways, with the result of discover-

ing some marvellous facts concerning their history

and structure. Led by these researches, the same
French savants who would not listen to Peysonnel

a few years before, began to study the lower foims

of animal life anew. The result was singularly

discreditable to their former treatment of Pey-

sonnel. For not merely the red coral itself, but

a whole host of beings, formerly regarded as

plants, were found to be true animals. Peysonnel

had therefore the giim satisfaction of living long

enough to find his views accepted by those who
at first condemned them—and these views and
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opinions have with little variation remained to

represent zoological opinion on such matters to

our own day and genei-ation. The sea-anemones

themselves were only received as animals about

1710, when Reaumur, who had been one of the

first to condemn Peysonnel's views, had shown

their true nature. Thus the sea-anemones and

corals, as well as many other and allied forms of

animal life, became the objects of zoological and not

botanical study
;
although it is noteworthy that the

discovery of their animal nature is by no means a

far back event, but on the contrary a comparatively

recent fact of biology.

The appearance of a sea-anemone is at once charac-

teristic and familiar. Rooted by one extremity

to its rock, the soft, fleshy, cylindrical body bears

at its free or upper extremity a mouth surrounded

by numerous feelers or " tentacles," as we may term

"them. It is in the expanded state, when the body-

cavity of the anemone is fully expanded with sea-

water, and when the tentacles are fully outspread,

that the likeness between the animal and the flower

is most apparent. If we but touch the tentacles

—

or if in some cases the sunlight streaming on the

animal is suddenly interrupted—the feelers are

quickly withdrawn into the mouth, the fluid of the

body-cavity is expelled by the latter orifice, and

the animal shrinks up into a conical mass of

. coloured jelly, as unlike its former elegant aspect

. as can well be conceived. After an interval, the

body will expand, the tentacles will be outspread,

. and the graceful appearance of the flower will once

. again be assumed. Hence, from this simple experi-

ment, one fact of anemone existence is perfectly clear,

namely, that these animals are sensitive to outward

stimuli. Not that such a feature of sensibility is

necessarily the exclusive property of animal life

;

for many plants are as highly sensitive as the

anemone ]
* but it is well to note the sensitiveness

of the anemone even at this stage of our inquiries,

seeing that we shall have to discuss the question of

its nervous belongings later on. Another observa-

tion may be hazarded at present, however, namely,

that the primary use of this sensitiveness, as in the

very lowest animals, is that of enabling them to pro-

cure food, and to perform that first and all important

duty of life—the function of "nutrition." But for

this sensitiveness, the anemone—or indeed any

other animal—might as well be a non-living mass.

Possessing sensibility, the anemone feels the impact

of the luckless crab which has incautiously stumbled

against its tentacles. It twines its tentacles, like

* "Science for AU," Vol. I., p. 179.

the fabled locks of the Medusa, around the hapless

crustacean, which is engulphed within the mouth,

and finally disappears for ever within the body of

the captor. There it will be digested ; crab-matter

will in due course be convei-ted into the tissues of

anemone existence; the higher life, as in other

spheres of nature, is sacrificed to feed and sustain

the lower; and a few dismembered claws or the

fragments of a shell rejected from the anemone's

mouth as indigestible, will alone serve to remind

the observer of the crustacean's fate. As with the

lion so with the anemone—life is supported only

by nature's seemingly harsh dictum of the sacrifice

of other lives in turn.

The genei'al structure of a sea-anemone's body is

not a matter which demands a large amount of

attention, even from the non-zoological reader, for

its due comprehension. Firstly, we may remark

that the " tissues " or distinct elements of its body

are few and simple. Like man himself, the

anemone is a " cellular " animal—that is, its frame

is built up of the minute elementary parts called

" cells," which combme to form tissues. Man's

frame imquestionably

exhibibs a further com-

plexity, in that the

original cell-constitution

of his body has been

elaborated to form struc-

tures called "fibres "of

various kinds. But the

anemone may claim a

remote kinship with

even the highest ani-

mals, not merely in the

facts that its body-ele-

ments essentially re-

semble theirs, and in

that it also possesses

"fibres" akin to theirs,

but also in that at one and an early stage of their

existence, the highest animals were not unlike the

permanent forms of these "sea flowers."

A sea-anemone then, possesses a simple body com-

posed of two layers (Fig. 1). The outer is named the

ectoderm, and the inner is termed theendoderm—these

names being the Greek equivalents for "outer skin"

and " inner skin." Under the microscope these two

layers can be each dissected out into other sti'ata.

Thus, the " ectoderm " itself consists of two layers.

In the outer, are developed the colours and hues of

anemone - bodies, and likewise certain peculiar

stinging organs called cnidce or "thread-cells,"

Fig. 1.—Diagram (a) of Structure
of Sea-Anemone,aud of (b) Cross
Section of do.

«, Mouth; b. Tentacles; c, Endoderm;
d. Ectoderm; s. Stomach-sac; ?«,
Mesenteries.
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wherewith the anemone paralyses soft-bodied prey.

The inner hiyer of the " ectoderm " is moi-e delicate

than the outer layer, and consists of fibres, analo-

gous to those found beneath man's own skin, and

named " connective tissue.

"

Fig. 2.—Thread Cella. A, Quiescent
;

B, c, D, Euptaml.

The "thread-cells " first spoken of deserve special

mention. Each of these organs is a minute sac or

bag containing fluid, and possessing a thread-like

filament coiledupin its interior(Fig. 2, a). Under irri-

tation of any kind, such as pressure, the thread-cell

ruptures, its fluid escapes, and if the thread itself

comes in contact with the delicate tissues of any

animal, the latter is stung, paralysed, or may even

be killed. Each thread-cell serves once only. When
it has been ruptured (Fig. 2, B, c, d), its purpose is

fulfilled, and it disappears by absorption, to give place

to new cells of like kind. Thus, each of these cells

appears in reality to be a miniature poison appara-

tus, and there are certain animals, neai-ly related to

the sea-anemone, which sting veiy severely by their

aid. Tlie jelly-fishes ai'e the most notable offenders

in this respect; and one species of tropical "jelly-

fishes "—-the PlnjsaUa or " Portuguese man-of-war
"

—stings so severely that the effects of contact with

its tentacles have been known to persist for many
days. The sea-anemones may be freely handled

without any symptom of the power of their thread-

cells being experienced. But if the tentacles of the

larger species be brought in contact with the softer

tissues of the body, as, for example, the mucous
)uenibrane of the lips, a slight sensation of dis-

comfort may be experienced. The "threads" of

these stinging cells in the jelly-fishes difl'er greatly

in their conformation. Very frequently the edges

of the thread appear to be developed to form barbs
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or hooks, adapted probably to secure the adhesion

of the thread to the attached body. Thus the

anemone possesses means of offence wliicli must

iniqucstionably aid the capture of its prey ; and the

old adage that "beauty is deceitful" may find in

this fact a possibly new application.

The " endoderm " of the anemone is, as already

remarked, the inner of the two layers of which its

body is composed. In its natui'e, this inner layer

difl'ers widely from the " ectoderm." It is composed

of muscular fibres, similar in nature and functions

to those which form the "flesh" of all other

animals, and in virtue of which they execute the

ordinary movements of life. Thus we may luider-

stand how it is that.when touched, a sea-anemone

contracts its body so quickly and eflectuallj^, since

its whole frame is encased within this layei' of con-

ti'actile substance. The fibres of the muscles ai'e

disposed both lengthwise aiid in a circular fashion.

In the tentacles and ai'ound the mouth the circular

fibres are especially developed ; and in these regioiis

tiiey therefore act by contracting the mouth and by

compressing the tentacles, much in the same way
as we close our own mouth by the muscles thereof

in the act of whistling. The muscles of the body-

walls of the anemone act from above downwai'ds,

and have the function of contracting the body, and

causing the shrinking so familiar to everyone who

has touched one of these animals. Like our own

muscles, those of the sea-anemone act under stinnila-

tion of various kinds. The irritation of touch, for

instance, serves, when propagated through the

anemone's frame to produce change and alteration

of that body as we have seen—-just as, in ourselves,

muscular acts, such as the withdrawal of the head

from a threatened blow, are the result of stimula-

tion of one kind or another through the nerves.

The innermost face of the " endoderm," that is, the

aspect which foi'ms the inner surface or lining—of

the body, consists of cells, each pi-ovided with a

fringe of the delicate vibratile filaments called cUiu.

These by their incessant waving, like so many
microscopic eyelashes, maintain a continual circula-

tion of the fluids contained inside the body of the

animal ; and in this way the functions of a heart, in

distributing the nourishing fluid through the body,

is discharged by these cilia.

No feature of anemone structure, ho'5\'ever, is more

curious than the disposition of the internal organs

(Fig. 3). Not that the animal has much to boast of

in the Avay of internal furnishings, so to speak. On
the other hand, as compared with animals which

might popularly be deemed low in the created scale,
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-Vertical Section Sea-Ane-
mone, sliowiug Internal Organs.

t, Month; h. Cavity of Stoniai-Ii ; c, Body
Cavity

;
d, Intenneseuteric Cliaiubcr ; e c,

Craspeda
; /, Mesentery ; g. Tentacle.

the sea-anemone's structure might be regarded as

decidedlyjjriuiitive. The mouth(Fig. 3,«.) is placed in

the centre of tlie numei'ous tentacles (y), which again

are merely hollow processes of the body itself. Each

tentacle is simply a hollow tube of muscular nature,

and capable, like the body, of contraction. At its tip,

each tentacle is perforated by a minute aperture,

and this extremity likewise bears a small sucking-

disc, the action of which may be felt if Ave touch a

tentacle carefully, when it will adhere momentarily

to the finger ere it is withdrawn. When the

sea-anemone con-

tracts, the water

or fluid of the

body escapes by

the tips of the

tentacles as well

as by the mouth

;

and it is perhaps

interesting to note

that if an ane-

mone be violently

squeezed, the

water will also

escape through small pores or ojienings in the

body wall. These openings are called "cinclides."

They are believed to exist for the emission of

thread-cells ; but my belief rather leans towards

regarding them as chiefly serving the purpose of

apertures through which the fluids of the body,

rendered effete through excretion or waste-action,

are continually escaping.

The month leads into a wide stomach sac (/;), but

a dissection of tlie sea-anemone soon reveals the

apjmrently extraordinary fact that this stomach is

emphatically like a pocket, with the bottom cut out,

and that this bottomless pocket opens freely into

the body-cavity (c) below. Every reader has seen an

"excise" ink-bottle. There, the short inner tube

opens into the cavity of the bottle, which forms an

outer tube around the inner one. This comparison

exactly denotes the structure of the sea-anemone; for,

like an animated "excise" ink-bottle, the mouth (a)

leads into astomach (/)), and this latter in turn directly

opens into the inside (c) of the body. To make such

a state of matters clear, let us for a moment con-

sider the natiu'e of the digestive system in a higher

animal, such as a fish. There, the digestive system

(as in all animals above the sea-anemone and its

relations) is practically a tube which runs through

the body loithout opening into the cavity of the hodij

as in the anemone. Food received into the mouth
of the fish remains withm the digestive system and

is there digested ; waste or innutritions jjortions

being expelled by the terminal part of the digestive

canal. If, on the contrary, our description of the

anemone be correct, it would seem that food taken

into the mouth of the anemone should pass into its

stomach, and thence downwai-ds through its ojjen

extremity ijito the cavitij of the hodij.

This latter view is theoretically correct; but

functionally and in reality, such a catastrophe in

the way of futile food-taking appears to be avoided

in a simple and ingenious fashion. Digestion is

therefore managed in anemone existence thus\vise :

the food is received into the stomach sac, it is true,

but the lower exti'emity of that sac is capable of

being closed by the muscular approximation of its

edges, much in the same way as the mouth of a

bag is closed by a tape or string being passed round

its mai'gin and the ends pulled together. A special

muscular development, forming what is known as a

sphincter muscle, is found at the lower edges of the

stomach sac, and serves thus by its action to convert

the open stomach into a closed pocket in which the

food undergoes digestion. Then, when this latter

process is completed, the stomach sac is believed to

unclose and thus to transmit its digested contents

into the body-cavity, in which they undergo circu-

lation through the agency of the "cilia" with which

we have noted the "endoderm" to be jjrovided. It is

noteworthy that the process of "nutrition" in the

anemone exactly rejDi'oduces that which occurs in

every other living being. Thus, firstly, a nutritive

fluid or blood adapted to nourish the body is manu-
factui'ed or elaborated from the food. Secondly,

this fluid is brought in contact by its " circulation
"

with the tissues it is intended to nouiisli. Thirdly,

these tissues each absorb from this fluid the matter

or pctbiduin adapted for sustenance, growth,

and repair. And, fourthly, this fluid becoming

impure through receiving the effete or waste

matters of the anemone's tissues, is duly "excreted"

—that is, it is eiaitted from the body sooner or

later, or is purified by the admission of oxygen

contained in the water surrounding the body, just

as our blood is purified by the oxygen of the air

inhaled in breathing. If differences exist between

anemone-nourishment and nutrition in ourselves,

they are after all differences of degree rather than

of kind. And they may be summed up in the

I'emark that, whereas in higher life the nutrient

fluid or " blood " has to be conveyed by vessels and

by a special cii-culation, that of the anemone reaches

the tissues without the intervention of such a

specialised system. In a word, nutrition in higher
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life is somewhat iiidivect, and is pei-formed thi'ough

the medium of heart and vessels ; in the anemone

it is of the most direct character—the blood, in

fact, bathes the tissues it is intended to sustain.

Allusion lias been made to the body-cavity of

tlie " sea-anemone," as the space within which the

stomacli-sac depends. Now this body-cavity (or

sn)iiHt,ic e(trlti/, as it is also named) is intei'esting

from its division into separate rooms or chambers,

by the development of a series of plates or partitions

which receive thename ofmesenteries ( Fig. 1
,

). These

" mesenteries " run in the long way, or axis, of the

body, and therefore parallel with the stomach-sac.

Each is a vertical flattened plate (Fig 3,./'), one (the

outer) edge of which springs from the body-wall, whilst

the other (or inner) edge attaches it to the stomach-

sac. Tlius the space between the bod3^-wall and the

stomach becomes divided into compartments, called

intermesenteric chambers (d). Below, each mesentery,

at the point where it is free from the stomach-sac,

curves at first outwards and then inwards, so that

it is attached by its lower edge to the floor of the

animal's body. Moreover, we may note that cer-

tain of the mesenteries are longer than others. Some,

for instance (Fig. 1), extend completely between the

body-wall and the stomach-sac ; these being primary

mesenteries. Others start from the body-wall, but

fall short of reaching the stomach, these being-

named secondary mesenteries ; and a third set,

starting likewise from the body-wall, but exhibiting

a much shorter growth than the " secondary

"

mesenteries, are named "tertiaiy" ones.

Thus a cross section of a sea-anemone's body pre-

sents us with exactly the form of a wheel (Fig. 1, b).

The rim of the wheel is the body-wall ; the nave is the

stomach-sac ; the complete spokes, extending from

nave to rim, ai'e primary mesenteries ; and the

s'lorter spokes, springing from the rim, but not reach-

ing the navOj correspond to the secondaiy and tertiary

mesenteries. The intermesenteric chambers(Fig.3,r/),

lined with the ciliated endoderm, present us there-

fore with a series of compartments through which

circulation of the blood must take place ; and it is

interesting to observe that certain of the skeletons

we name " corals " perfectly reproduce in their

lime structures the form of the sea-anemone-

like animals which made them. For the " corals
"

are simply cousins of the anemones, and exhil)it

an essentially similar structiu-e. The mesenteries

in their manner of growth follow a special law,

wliereby the later mesenteries appear between

tliose ah-eady formed. In the sea-anemones

(as well as in the corals) the mesenteries are

developed in definite numbers, or in multiples

of these numbers, in each principal group. Thus

tentacles and mesenteries in the anemones and their

near relations are developed in multiples of five or

six. The fii'st cycle of mesenteries, numbering

five or six, is developed, and the mesenteries of tlie

second cycle intervene between each pair of the

first ; those of the tliird cycle in turn occupying an

intermediate position between those already formed.

So that if A repi'esents those of the first cycle, r

those of the second, and ( those of tlie third, tlicir

arrangement may be thus tabulated :

—

A cii fA c n c A etc.

The free edges of the mesenteries are provided

with curious cord.like structures, which receive the

name of craspeda (Fig. 3, «), and which, being richly

provided with " thread cells," are believed to serve

purposes of offence and defence. Possibly, prey

swallowed in a living condition will be paralysed

or killed by the action of these internal weapons.

That anemones ai'e highly sensitive to touch was

a fact elicited at an early stage of our incpiiries.

We know of many lower animals (such as the Bell-

Animalcules) which are sensitive in the absence of

nerves ; but our sea-anemone is found to possess the

beginnings of a nervous system, adapted not merely

to provide the animal with the sense of touch, biit

probably with a broad and generalised sense of

vision as well. When we look carefully at that

rim or margin of the mouth which lies outside the

tentacles of the common sea-anemone of om- coasts

{Actinia Mesembryanthemivm) we perceive a series

of bright bead-like specks, which, in addition to

their shining asjiect, exhibit likewise a biilliant

coloration. The structure of these colour specks is

more complex than might at first sight be imagined.

They consist, each, of rudimentary structures,

which we only find in the eyes of higher animals.

Amongst other belongings, for example, they con-

tain refracting cones and other bodies adapted to

modify rays of light; and most notable of all is

the observation that beneath each pigment spot is a

series of nerve cells, and a nerve mass, or ganglion.

There is, therefore, no doubt that the sparkling

beads around the sea-anemone's mouth are in reality

simple organs of vision. These eyes doubtless serve

to render the animal highly sensitive to light and

darkness, but this statement may be said to be very

far from including the idea that "sight," as exercised

in higher animals, is possessed at all by the ane-

mones and their kind. The neiwous system of these

animals, in its other and more general aspects, is

chiefly concerned mth the reception of sensations,
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and with the stimuhxtion of the imisculav layers of ration appears to take the place of the former,

the body. Nerve filaments of rudimentary nature and to perpetuate the race in time,

are certainly found in the disc or sux'face of attach- Every living being arising either directly or in-

ment of tlie anemones. But the chief difference directly from an egg, we find the anemones to agree

between such a primitive system of nerves and with the higher animals in that each represents the

that of higher animals, appears to consist in the full development of a single egg or "ovum." These

absence in the anemones of well-developed nerve animals, like the Hydra, may be artificially divided,

centres, or controlling masses, of which the brain so as to produce two new anemones by the division

and .spinal cord in ourselves, or the nerve ganglia of one ; and their neighbours, the Corals, increase

of lower animals {e.g., insects, molluscs, &c.) are naturally by fission or division of body, as well as

good examples. by gemination, or budding. Hence the power of the

The structure of a sea-anemone does not com- Corals to form complex colonies, and to increase

prehend its entire history. The question " How did indefinitely in numbers. But the common sea-

it grow 1 " opens up a new vista of inquiry, to anemones remain each single and separate, as do

which, by way of close to this biography, we may higher animals, and show no tendency as a rule to

briefly direct attention. Anemone existence, sooner imitate the colonial organisms (such as the Zoo-

or later, comes to a close, like that of all other phytes and Corals), of which they are near neigh-

living beings
;
although, indeed, the history of the hours. Certain of the near I'elations of the ane-

famous anemone, known to a wide circle of ac- mones, however (e.g., Zoanthus), may exhibit a

quaintance as " Granny," shows that anemone life colonial structure ; these anemones existing in

may occasionally attain an age approaching the small family groups, the members of which ai-e

human " thi-ee score and ten." This anemone connected by a kind of creeping root.

The eggs of the anemone pass

through well-defined stages of de-

velopment, and the young may be

discharged in large numbers from

the mouth of the parent, having

undergone development within the

" intermesenteric chambers" (Fig.

3, d). Each anemone egg presents

exactly the same sti-ucture as every

other egg. It is a mass of proto-

l)lasm, with a central speck, tJie

(jermiiial vesicle, and tliis latter ex-

liibits another and smaller speck,

known as the germinal spot. The

egg (Fig. 5, a) undergoes division

(or, as physiologists term it, seg-

menta.tion—B, c, d) of its sub-

stance; and ill the morula stage,

when the egg has become fully

divided into numerous cells, it

may leave the parent body, and

swim freely in the sea by means

of the cilia with which it is pro-

Fig, -i.—Birth of the Sea-Aueraone {Actinia equina). vided. These cells then arrange

themselves into two layers en-

(now in the Royal Botanic Gardens, Edinburgh) closing a central cavity, this stage being known
was first obtained from the Frith of Forth by as that of the planula. Then a mouth appears

Sir John Dalyell, in 1828, and has given birth to at one end of this oval " planula," thus forming

numerous progeny at various pei'iods. But such what is known as the gastrula stage. The interior

instances of longevity are probably rare, and as of the body becomes the future stomach-sac, whilst

one anemone generation dies away, another gene- below and at the sides of this sac the body-cavity
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itself Ls formed, and sac and cavity tluis come

to be in the full communication we see in the

perfect anemone. Then the mesenteries appear

to be developed in the manner already describee],

and the stomach-sac becomes thus connected to

the body-walls, whilst with the growth of ten-

tacles and the fixatioii of the body, the young-

anemone assumes (e, f), in all points, s-Ave hi size,

the form of the adult.

Such are the ordinary changes through which

the germ, or ovum, becomes the full-grown anemone.

In its development, that egg evinces stnges which

are common to the eggs of all animals, and the

higher animals, it is noteworthy, pass in the course

of their development through a "gastrula stage,"

at which, with little further modification, the sea-

anemone may be said to rest.

The anemone does not stand alone in the world

of animal life. It is not separated by peculiarities

Fig. .5.—Deve'opment of Sea-Aiiemoues.
'

of structure from other animals, Init, on tlie con-

trary, serves in the liands of the zoologist as the

type of a very large group of the animal kingdom.

Let us try to see what anemone structure teaches

us resjiecting the type, or general build, of other

animals. The anemone's character may be sununed

up by saying (1) that its body substance consists

of two cliief layers (ectoderm and endoderm)
; (2)

that its mouth opens into a stomach-sac, which

in turn freely comminiicates with the genei'al

cavity of its body
; (3) that it possesses thread

cells ; and (4) that the parts of its body ai'e ar-

ranged in radial fashion round a central point

of the mouth. Now, if we examine such animals

as Corals, "dead men's lingers" (Alcyoniiun), and

the like, we find these characters of the ane-

mone to be exactly repeated in their structure.

We may, in a word, use the anemone as the type

and representative of all Corals, and a host of other

and allied animals. And if we omit the stomach-

sac, we may find that the facts of anemone sti'uctui-e

will make it the type of the hydras, sea-firs, jelly-

fishes, and zoophyte groups likewise.

Thus we discover that in gaining an idea of

sea-anemone structure, we have been laying a

solid foundation of knowledge I'especting that

large body, or type, of animals known as the

Ctelenterata. This type includes the anemones,

corals, zoophytes, jelly - fishes, and allied

animals, which agree in the main details of

their conformation with the animal we have just

examined. Their bodies exhil)it the same two-

hiyered arrangement, the same development

of thread cells and nniscles, and an essentially

similar, or allied, disposition of stomach-sac to

that noted in the anemone. Natural liistorv

study thus becomes a comparatively easy study,

when we discover that every animal agrees with

a number of other animals in the general ])lan

or type of its body. Not the least important

parts of zoological teaching are founded upon
facts culled from some of the most familiar

- animals by which we are surrounded ; this is the

end aimed at in these pages, and no organisms

are better fitted for this purpose than the " living-

flowers " which grace every rock-pool, and brighten

the rocky sea-shore with their resplendent hues.
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HOW BUILDINGS AKE PEOTECTED AGAINST LIGHTNING.

By Eokert James Manx, M.D., T.R.C.S., F.E.A.S., etc.

IN tlie year 1764 the steeple of St. Bride's

Clinrch, in Fleet Street, London, was struck

1)y a flash of lightning, and seriously damaged.

Tliis accident occurred just at tlie time when tlie

attention of scientific men had been strongly drawn

to the electrical nature of thunderstorms, by the

memorable experiments of Benjamin Franklin.

Dr. Watson, w]io shortly afterwarils became a

Vice-President of the Royal Society of London,

and wlio had been on various occasions the means

of communicating the proceedings and views of

Franklin to its Fellows, in consequence was

induced to make a careful inquiry into the

mechanical effects of the dischai'ge, and he found

that the lightning had passed to the earth along a

track which was partly composed of iron, and

partly of mason - work and timber, and that

wherever the discharge had traversed thick I'ods

of iron, it had left no perceptible traces of its

passage, but that whei-e it had passed through

masonry or wood, it had shattered the material

into fragments. The lightning first struck the

weather-cock which stood on the top pinnacle of

the steeple, and then ran down the stout iron bais

by which this was held aloft in its place
;
effecting

so far no injury ; but when it reached the lower

extremities of these bars it destroyed several large

stones as it leaped across to other masses of iron,

which had been built into the masonry to give

strength to the wall ; and further down, where no

more iron was to be found, it made such vast gaps

in the structure that not less than ninety feet of

the steeple had to be taken down and rebuilt. The

fact which was accidentally illustrated in this

occurrence is one which is now well-known to

electricians. When concentrated and powerful

electrical discharges occiir through material sub-

stances that are capable of affording them a ready

and easy passage, no permanent disturbance is

caused in the adhesive coherence of the mole-

cules. But when they make their way through

substances that aff'ord considerable resistance, the

molecules are thrown into paroxysms of convul-

sion, and very frequently are so widely separated

from each other that the structure is destroyed.

As a general rule the greater the resistance

that is off'ered to the passage of an electrical

discharge the more marked is the disrupture and

destructive effects that ai'e produced wlien the

transmission takes place
;

or, as the same fact is

expressed in the more technical language of the

electrician, the worst conductors are most liable

to be injured by the passage of discharges of high

tension. This simply means that there is an inert

resistance exei-ted by the molecules of non-con-

ducting substance, which prevents the vibratory

movements amongst themselves—of which electrical

transmission consists—from being established until

the disturbing force is roiised into an energy that

suffices to tear them asunder at the same moment

that their cohesive stubbornness is vanquished.

When the electrical transmission is made through

easily conducting substance, the molecular vibra-

tion is established without the occurrence of any

very sti'ong molecular resistance, and consequently

without any strain that is dangerous to cohesive

integrity. The propagation of the vibratory state

is set up before the disturbing force is intensified

by persistent resistance into destructive strength.

But when powerful electi'ical discharges are

passed through substances of good conducting

capacity, the molecular disturbances that are pro-

pagated through the mass are manifested to obser-

vation in another way. If a discharge of such

chai'acter, for instance, is transmitted through a

metallic wire of moderate dimensions, the wire

becomes liot to the touch at the instant of the

passage. In that case the heat is, in reality, due

to the vibratory movement of the molecules of the

wire. The disturbance takes effect in heating the

wire, instead of in teaiing asunder its molecules.

But the amount of heat that in such an instance

is produced depends upon two circumstances. It

is aff'ected both by the dimeiision of the wire, and

by the intensity, or energy, of the discharge. The

larger the amount of the dischai-ge thi-ough any

particular stretch of wire, the greater is the heat

;

or, again, the smaller the wire through which any

particular dischai-ge is passed the more its tempera-

ture is raised. A frequently-exhibited experiment

of the lecture-room consists in turning a fine

platinum wire i-ed-hot by the transmission of a

sustained current of electricity through it. The

wire is easily caused to glow so brightly that its

luminosity becomes evident in full dajdight. . If,

in this experiment, the wire is either made smaller,
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ov shorter, the incandescence becomes more intense,

and the himinosity more brilliant. The wire may,

indeed, be ultimately made either so fine or so

short, that it is melted by the heat. A long strand

of vevy fine copper wire laid along upon white

jjaper remains only as a dark stain of metallic dust

impressed upon the paper, when the discharge of ii

poweii'ul battery of Leyden jars is passed through

it. Metals of inferior conducting capacity in a

similar way are more heated than metals of a

better conducting power, and of equal dimensions.

Thus platinum wire is more heated than iron, iron

more than silver, and silver more than copper. If a

wire is made of alternate links of platinum and

silver, each link being of precisely the same thick-

ness and length, when a sustained electrical current

of sufficient intensity is passed through it, all the

platinum links are raised to a shining red heat,

Avhilst the intervening links of silver remain still

dark. As a general rule, metals are of good

conducting capacity, and aflbrd a ready trans-

mission for electrical distui'bance. But they vary

very much indeed amongst themselves in their

capacities in this particular. Thus, copper stands

foremost amongst them for its conductiirg power
;

silver has about one-third the conducting capacity

of copper ; brass a little less than that ; ii-on less

than brass ; tin and lead considerably less than iron

;

and platinum is very nearly equal in transmitting

capacity to iron.* This capacity of metallic bodies

for the easy and unresisted transmission of elec-

tricity without material derangement of their

molecular state, is the circumstance which has been

taken advantage of by science in establishing an

organised defence against the injurious efiects of

lightning.

In the autumn of the year 1750 a letter was

written fi-om Philadelphia by Benjamin Franklin

to a friend in London, in which he dwelt upon his

conviction of the absolute identity of lightning and

electricity, and urged that all damage from light-

ning might be certainly prevented if ii'on I'ods with

sharp points were fixed to the highest parts of

buildings. This was the first clear and definite

conception of the idea of the lightning-rod which

is now so extensively employed. The suggestion

was at once thrown into the foi-m of a pauqjhlet

and printed in London. It was eighteen months
after this time, namely, in May, 1752, that

electrical sparks were for the first time drawn
from the clouds at Marly-la-Ville, near Paris,

' This estimate is the one derived from Prof. Ohm's ex-

periments. Other experimenters give dilferont results.

through an iron rod one inch in diameter and

eighty feet high, which was held up towards the

clouds by a wooden scafibld, and which had been

erected by M. Dalibard in pursuance of the jilan

suggested by Fi'anklin. The sparks were in the

first instance obtained by an old soldiei', who had

been left in charge of the apparatus, duriixg the

passage of a thundei'storm overhead. It was on the

4tli of July in the same year, 1752, and therefore

nearly two months afterwards, that Fi-anklin's

own celebrated experiment with the kite was

j)erformed, and that sparks were diuwn fi'om the

thunder cloud in a similar way through its wet

string. In the same year Franklin carried his own

idea into practical effect, by erecting an iron rod

upon his house in Philadel})hia. This I'od was

furnished with a steel point jji-ojecting eight feet

above the I'oof of the house, and it was carried five

feet into the ground. It was essentially the fir.st

lightning-rod consti'ucted foi- pui-poses of pi'otection.

The fii'st conductor erected in England was set up

in 1762, by Dr. Watson—already alluded to as the

enthusiastic advocate of Franklin's views—over

his residence at Payne's Hill, near London ; this

rod had been erected upon Dr. Watson's house

j ust two years at the time of the destruction of the

steeple of St. Bride's Chui-ch.

Under the earnest suppoi't of a few scientific

men, the practice of erecting lightning-rods for

purposes of protection from this time gradually

forced its way into public notice. In the year

1769 the Dean and Chajtter of St. Paul's applied

to the Royal Society of London to tell them how

they should set about fixing a rod to their noble

cathedral. The first rod set up on the continent

of Eui'ope was attached to the church of St. Jacob,

at Hambiu'g. This was erected in 17 09. In

1771, the celebrated naturalist, Professor de

Saussure, fixed a conductor upon his house in

Geneva. The practice was, nevertheless, still

looked upon with miTch doubt and suspicion.

As recently as 1838 the Governor-General and

Council of the East India Company ordered that

all lightning-rods should be removed from arsenals

and powder-magazines in India, on account of the

danger -w hich their employment involved.

The French were from the first keenly alive to

the importance of adopting Franklin's recommenda-

tions in the matter of pi'otection against lightning.

Some opjtosition had in the first instance to be

encountered, chieffy on account of the jealousy and

misapprehension of the Abbe Nollet, who deemed
himself the gTeat scientific authority of the day in
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such matters, and therefore was inclined to resent

the intrusion of a new prophet into his domains.

He at first denied that there was any such person

as the alleged aiithor of the new system in existence,

and then when the London pamphlet had been
translated into French, he shifted his ground and
maintained that the proposed innovation was both

dangerous and inefficacious. A mostadmirable French
designation was nevertheless contrived for Franklin's

rod. It was aptly called the " Paratonnerre, " a French
compound word which signified the fender off * of

lightnmg, and in 1823 formal instructions were
drawn up by the Academy of Sciences at Paris, and
adopted by the French Government, for the scientific

construction of the apparatus. An amended and
improved form of these instructions was again

issued in 1854. The memorandum of 1823 was
signed by the august name of Gay-Lussac, and
that of 1854 bore the scarcely less distinguished

signature of Professor Pouillet. Additional memo-
randa wei-e supplied by the Academy in 1855 and
1867. No proceedings of a similarly intelligent

and jjractical kind have hitherto been attempted

in England, and these French documents have

accordingly remained the authoritative guide of

our own architects and engineers in their practice.

The history of Franklin's invention constitutes one

of the most charming and interesting episodes in

the annals of physical science. But the subject is

unfortunately too long to be more fully dwelt upon
where all the space at command is required for a

more immediately practical object, t

The first tiling to be considered in arranging for

the protection of any building against lightning is

the metallic conductor, which is to be provided to

serve as the main channel for the electrical dis-

charge. The self-same plan which was adopted in

the first instance by Franklin has still, in the main,

to be pursued. A continuous metal bar, or rod, is

to be attached to the building so that it projects

into the air above its highest part, and dips into

the earth below its foundations. This rod must,

above all things, be of sufficient capacity for the

work which it is intended to perform ; that is to

say, it nmst be so thick that it would not offer any

material resistance to the largest discharge of light-

ning that could in any circumstances be thrown
upon it from the clouds. It nmst be of such ample

* From parcr, to " ward off," ami toi(«er)T, lightning. An
_exoellent and most significant designation, for which there is

unfortunately no equivalent term in the English language.

t A very good sketch of this passage of the history of

electrical science is to be found in a treatise on lightning-

conductors iniblished by Richard Anderson.

dimensions that it would not even be heated to any

large extent by such a dischai-ge, for heat in such

circiimstances, it must be remembered, would imply

the i^resence of resistance, or obstruction, and the

object of the contiivance is that the transmission

shall be unimpetled and free.' Franklm used iron

for his rod on account of its comparative cheapness.

But copper is now very much more generally em-

ployed, for various reasons. It is more readily bent

so as to be applied closely to all the irregularities

of the building. It is less easily corroded by moist

air; and it has a very much higher conducting

capacity. Iron may be as effectively employed as

copper ; but if this is done the main stem of the

rod iiiust be six times as large as it Avould need to

be if it were of copper ; that is to say, it must have

six times the amount of metal in any given length,

such as a foot, or a yard ; it must have six times

as large an area when it is cut across. And beyond

this it must also be examined after its erection,

from time to time, to make sure that its conducting

capacity has not been diminished by the influence

of corrosion.

The exact size which a copper bar or rod needs

to have to insiire this essential condition of an

unimpeded passage for the largest discharge of

lightning that could fall upon it from the clouds is

not certainly known. It is not practicable, either,

to refer this uncertainty to the questioning of direct

experiment, where it is lightning that has to be

drawn upon for the prosecution of the test. All

that can be done, is to employ a bar that is larger

than any that has been known to be injured by a

discharge. So far as practical experience has been

yet gained a strip, or bar, of copper one inch wide,

and an eighth of an inch thick appears to be of

ample dimensions, for all practical purposes, Avhere

the conductor does not exceed eighty feet in length.

Such a strip, or a rod of equal sectional ai'ea, would

weigh a little less than half a pound to the

foot. It must not, however, be overlooked that

since the resistance of a conductor increases with its

length, as well as in proportion to its smallness,

still larger rods must be used, wherever the greater

extent of high and large structures has to be

dealt with. For each extent of eighty feet another

such strip would need to be added the whole

length. The strip, or bar, may be safely and

advantageously attached directly to the masonry,

or brickwork, of walls. No better jjlan can be

pursued than to clasj) a bent strip of copper round

the conductor, and fix this to the wall by copper

nails driven into the joints as shown in Fig. 1.
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The exact form of the conductor, however, is not a

matter of any real consequence, provided only that

there be thickness enough of the metal. The strip

is sometimes rolled up into the form of a hollow

cylinder, or

pipe. It is

s o m e t i m e s

moulded into

the shape of a

solid cylin-

drical rod, and

it is very com-

monly replaced

by a rope of

copper wires,

twisted to-

gether. Fig. 2

represents the

kind of cojjper

is most frequently emjjloyed,

wall in a similar way to the flat

rig. 1.—The Method of fastening a, flat Light-
iiing--rod to a Wall, by a Copper Strap and
Naiis.

wire rope which

attached to the

•conductoi".

This rope consists of seven strands, with seven

wires in each, or forty-nine wires in all ; and weighs

iibout two-thirds of a pound to the foot, when used

for the defence of a building of moderate size.

Larger ropes are provided for larger structures. The
conductor, whatever its length, must be absolutely

continuous from end to end. If under any circum-

stances separate pieces have to be joined up in the

length, these must overlap by clean metal surf;ices,

some inches in extent, and be closely riveted, or

l)Ound together in such a way as that the intrusion

of moisture between the surfaces in contact shall

be prevented. AVherever it can be done, the joints

should be very

carefully covered

over by a coat-

ing of solder, to

prevent the cor-

roding influence

of moist ail-.

But joints, as a

general rule, are

not required in

the main stem of

the conductor,

-c- o T, « r. -..r- X.- -u
because both

Tig. 2.—The Rope of Copper Wire which is

frequently employed in the construction ropCS and stl'ips,
of Lightning Conductors.

or, as these are

technically termed, tapes of copper are now manu-

factured of any length that is required. A rolled

copper ta]ie which is very flexible, and therefore

165

veiy convenient both for transport and for appli-

cation to irregular surfaces, is now being gradually

introduced by electrical engineei's, and is entirely

deserving of general confidence.

When a copper conductor of this kind has been

properly applied to the walls of a building, its

efficacy as a protection in a lai'ge measure depends

upon the fact that when a lightning-charged cloud

hovers in the air a little distance above the top of

the rod, it becomes powerfully electrical, through

the influence of induction, with a charge of an

opposite kind to that in the cloud. And there is

therefore a strong tendency for the charge in the

cloud to pass into the rod, and for the charge in the

rod to issue to the cloud. If in such circumstances

the tension becomes so strong that the charges can

leap aci'oss the intervening gap of aii', a flash of

lightning occurs. But as, in obedience to the

du-ection of the tension, it goes at once into the rod,

it there finds an easy path prepared for its trans-

mission to the earthj and traverses this path without

Fig. 3.—The Multiple Point, or Aigrette, most commonly used at
the top of Lightning-rods in England. {After Mchens.)

jn'oducing any mechanical disintegration between

the molecules of the conductor. Such is, essentially,

the service which the conductor renders when an

actual stroke of lightning takes place. It affords

an easy and open channel which the lightning is

quite sure to take in preference to the haixler task

of making its way through the impeding and resist-

ing structures of the building.

But there is another way in which the lightning

conductor also contributes to protection. It lessens
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the tension, and so diminishes the striking power,

of an approaching storm-cloud. This, however,

will be best explained by a reference to the method

in which the conductor is finished above where it

projects towards the cloud.

In every case a lightning conductor is so planned

that it terminates above either in a point or in a

cluster of points arranged in some such way as is

represented in the accompanying woodcuts (Figs. 3

and 4). Fig. 3 shows

f the form in most general

Tise in England. Fig. 4

represents the veiy ex-

cellent modification that

has been introduced by

M. Callaud in France,

in which sharp radiant

spikes are fixed upon the

upper surface

of a flat ring

of copper,

with one
long terminal

point rising

in the centre

above. The

main stem in

each case is

a copper rod

about three-quarters of an inch in diameter, and so

contrived that it can be firmly screwed into the

upper end of the conductor. The tips of the points

are sometimes very advantageously made of an alloj^

formed by mixing together 835 parts of silver, and

165 parts of copper, because this comj^ound does

not readily suSer corrosion from exposure to the

aii\ Sharp tips of this alloy are prejjared about

two inches long, so that they can be screwed into

the branches of the copper rod. The cluster itself

is fixed so that the tuft of points projects about

five feet above the highest part of the building to

which it is attached. The pointed form is given to

the top of the rod on account of the power which

conductors of this shape possess of facilitating both

the discharge and the inflow of an electrical stream.

They dispose the escape to take place in the con-

dition of a gentle continuous current, instead of in

the more impiilsive and less controllable form of

an abrupt and instantaneous spark. That such is

really the action of the point is experimentally

shown when a sharp sewing needle is brought near

to strips of paper which have been made divergent

by an electrical charge. The strips lose their

Fig. 4.—The Multii)le Point recommended in
France by M. Callaud. {After Melsens.j

divergent power, and fall suddenly together, whilst

the needle is still two or three feet away.

The consequence of this peculiar influence of the

point in the case of a lightning conductor, is that

when a charged thunder-cloud hangs in the air

over the conductor, the charge which has been in-

ductively heaj^ed up in it at the outer end begins

immediately to stream gently away into tlie cloud,

at the same time that the accumulated charge of

the cloud is drawn in a like silent way through the

point, and transmitted to the earth. The cloud is-

thus efl'ectively exhaiisted of its charge without

having developed disruptive energy enough to cause

an actual outburst of lightning.

But the lower extremity of a lightning-conductor,

where it passes into the earth, is even more im-

portant to the efiicient action of the apparatus than

the pointed summit which is projected into the aii*.

As in the case of the rain pipe which is prepared

to protect a house from injuiy by wet, it would be

of small consequence that the pipe itself were of

ample dimensions for the passage of the rain, if it

were narrowed and obsti'ucted at its outlet at the

bottom ; so is it also with the conductor which is-

provided for the safe transmission of the lightning.

If there be not room enough for the pent-up down-

pour, whether it be water or electricity, to escape,

there must be a mischievoiis overflow above ; and

the overflow, if it be of electric flre, may obviously

be attended with more disastrous results than if it

be merely a deluge of water. Although the water

and the electrical force are in truth quite different

things, this comparison is by no means overstrained,

for the earth is the great reservoir of both. What-

ever amount of either is raised temporarily into the

air, must sooner or later flow back again to the

ground, and if conduits are provided for the con-

veyance of the flow, they must be so planned as to

permit air unobstructed outflow.

The outlet for the discharge of lightning from a

conductor into the earth is, however, a matter of

extended superficial space, rather than of internal

cavity, such as water would require. The trans-

mission of the. electrical discharge, on account of

the expansive repulsion of the force, is accomplished,

mainly along the outside, or sujDerficial, molecules

of the conductor, rather than within. What is

therefore required in providing the outlet into the

earth is an amplified expansion of the mass. The

conductor must be enlarged where it comes into

communication with the ground. It is not enough,

as is too commonly conceived, that the rod shall be

thrust a few inches into the earth. It must be



HOW BUILDINGS ARE PROTECTED AGAINST LIGHTNING. 163

carried a considerable distance into tlie soil, and

must be placed everywhere in the most intimate

•connection with it. This must on no account be

lost sight of. A lightning-rod with an insufficient

•earth contact is not only useless, but dangerous in

an extreme degree, and the more ample its own
<limensions, the more imminent the danger, if there

be an obstructed outlet beneath ; the more likely to

lead incidentally to that overflow of the devastating

electric fire, which it is its intended function to pre-

vent. It is not possible to insist too vehemently

upon this, because mistake, or oversight, in this

particular is a more frequent source of injmy by

lightning than any other cii-cumstance that is

encountered. In neai-ly every case where damage

has occurred to buildings that have had lightning-

conductors attached to tliem, it has been found that

the mischief can be traced to this cause—an over-

How brought about by impeded outlet to the earth.

"When a lightnmg-rod of ample capacity, and of

sufficient earth-outlet, receives a stroke of lightning,

the discharge passes down it in the form of a gentle

stream which has not the slightest inclination to

burst out anywhere. A living person might stand

close to the rod at the lime of the discharge with-

out incurring any risk. But if the same stroke

were falling upon a rod with insufficient outlet to the

•earth, being thereby impeded in its flow it would pass

haltingly along, and with a constant inclination to

burst out laterally by the way, so that any one

standing in close neighbourhood to the rod at the

time of the discharge would be in imminent

danger of receiving some portion of it through him-

self. As an absolute matter of fact, when a stroke

of lightning passes to the earth through a building

furnished with a conductor, it does not quite confine

itself to the open path. It avails itself of all the

substances that lie in the direction of its track.

But it distributes itself amongst them in propoition

i,o the facility with which it can make its way.

Very much the largest part goes by the easiest

Toute. With a large conductor of ample earth-

contact very nearlj'^ the whole of the discharge passes

liarmlessly through its easy line, so that only a very

minute, and quite unimportant, portion is left to

traverse the more difficult and undisturbed route.

It is a very interesting incident in the histoiy of

the lightning-rod that Franklin was quite aware

of the importance of a large earth-contact, notwith-

standing the gross blunders that have been con-

tiniially made in regard to it since his time. In

the year 1772, when he chanced to be residing in

JEngland, he acted as a member of a committee

constituted to consider the best form of lightning-

rod for powder magazines, and he himself drew up
a report in which there occurs tlie following most
notable passage:—"In common cases it has been
judged sufficient if the lower parts of the conductor

were sunk three or four feet into the ground, till it

came to moist earth ; but this being of great con-

sequence we are of opinion that greater precaution

should be taken, therefore we would advise that at

each end of each magazme a well should be dug so

as to have in it at least four feet of standing water.

From the bottom of this water should rise a piece

of leaden pi^je to, or near to, the surface of the

ground where it should be joined to the end of an
upright bar," to be itself connected with the earth

end of the conductor. Yet in the face of this sound
doctrine, even at the present day men of some
scientific attainment may be sometimes heard to say

that it is enough for a lightning-rod to have its

base just thrust a few inches into the earth. The
notion in such instances is that it cannot be a

matter of any further moment where the electric

discharge goes to, if it is once got as low as the earth.

The fallacy of this argument is that it entirely

ovei-looks the most important condition which lias

here been so urgently insisted on, namely, that an
electrical discharge moves haltingly, and with a

strong disposition to attempt a lateral outburst,

through a rod which has an obstructed outflow, whilst

it is devoid of all such mischievous tendency when it

passes through a rod with a capacious earth contact.

In the amended instructions of the Academy of

Sciences in Paris, issued in 185o, it was urged that

a lightning-rod should invariably have a connec-

tion with water beneath the ground, or with moist

earth, and to make sure that this essential condition

was satisfactorily secured, it was advised that the

rod, after reaching the earth, should be divided into

two subordinate branches, and that of these, the one

should be carried deep into the ground until it

reached some permaneiit reservoir of water, whilst

the other was trailed superficially along only a few

inches within the ground, so that it might be in a

region that was most readily moistened by rain.

The earth-contacts of the Palace of the Louvre were

forthwith remodelled upon this plan. This was a

very important step in the right direction. Diy
earth is in no case a really good conductor; very

many of the accidents which have occurred in con-

nection with the presence of lightning-rods have

been due to some oversight in this particular.

Father Secchi of Rome had occasion, in 1872, to

draw up a report in which he dwelt emphatically
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iTjiou tlie need of a very large siu-face of con-

ducting material for the discharge of lightning

into the ground. In tliis document, in reference to

this particular necessity he very strongly marks the

Fig. 5.—Showing the System whicli has been adopted for
Brussels from Lightning. {Aftc

conclusion at Avhich he had himself arrived, for he

roundly and most truly says, "there never can be

too much " facility for the discharge.

It is quite possible for a skilful electrician to

make a good earth termination for a lightning-rod

in even dry soil. But he can only do so by render-

ing the superficial contact between the conductor

and the gi'ound very large indeed. The great,

principle to be observed in such a case, is that the

drier the earth the larger must be the dowmvai'd

expansion of the rod. It must either branch out

into the ground after the fashion of the roots of a

tree, or it must be expanded into a bulbous root of

considerable dimensions. Whenever it is possible to-

get at the main iron pipe of the water supply of a

tpwn, it is very easy indeed to accomplish this

large undei'ground expansion. It is only necessaiy

to trail the bottom of the conductor along in close

contact with the iron of the main, and pack it

round Avith a considerable thickness of broken coke,

closing the whole over with earth, and beating it

down. When this cannot be done, a trench must be-

opened along in the ground for at least thirty feet,,

which may be either in one straight line a few

inches within tlie ground, or in branched divisions

radiating out from each other like the expanded

fingers of a hand. The end of the conductor is

then to be trailed along in the trench, dividing it

into corresponding

branches, if the

branching plan is-

preferred, and then

packed round witk

broken coke, the-

whole being finally

covered over by

earth, and beaten

firmly down. Not

less than three-

bushels of coke

must be emjiloyed

for completing the

eai'th-contact for a

building of oixlin.

aiy size, and very

much more Avhere-

a larger structure-

is concerned. The

I'eason for the use

of the coke is, that

being itself a toler-

able conductor, it

enlarges the con-

ducting contact with the ground to the size of its-

own mass, and that it does this at a comparatively

trifling cost—being in itself so very much cheaper-

than the same quantity of pure metal, such as-

copper. It also has the further recommendation.

protecting the Hotel de Ville at
1- Mdscns.)
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that it is not corroded by being buried in moist

earth as most metallic bodies are. It virtually

confers the large bulbous root upon the conductor,

where it is buried up in the ground at a very small

outlay.

A good lightning-rod thus takes somewhat the

form of a tree. It has a compact central stem, it

has branches spread out like point-tipped leaves

into the air, and it has expanded rootlets under the

ground. The branches above are distributed to the

ridges, and to all the prominent parts of the build-

ing, which is under their protection, and wherever

there are any large metallic masses employed in the

structure, such as sheets of lead, iron pipes, or

metal balconies, each one of these must be connected

with the main system of the conductor by its own

metallic strip, and must also have its own project-

ing air point. The air-terminals thus a.ssume tlie

titate of a widely-spread bundle of jioints opening

out to the sk}^, and projecting everywhere beyond

the building. If the structure be small, three or

four such terminals distributed to the loftiest

chimneys, and to the most prominent ridges and

gables, may be as much as is required. But if the

building is lai-ge, the points must be proportionally

multiplied and the bundle-like distribution be in-

creased. In the Hotel de Ville at Brussels—which

is perhaps one of the best examples of lightning

defence applied to a public building upon a large

scale—no less than 426 points have been provided.

The main branches of the conductor are carried

along all the ridges of the roof, and shoot iip as a

complete forest of tufted spikes from all the

pinnacles and towers (Fig. 5). The chief front of

the building has a pinnacled turret and spire rising

297 feet above the ground, and bearing at thetopa gilt

statue of St. Michel, flourishing his sword over the

prostrate dragon (Fig. 6). The point of this sword

serves as a very appropriate termination to the system

of conductors. But it is not relied upon alone. In

order to make assurance doubly sure, the platform

upon which tins figure stands is surrounded by a

vast chevaux-de-frise of forty-eight spikes radiating

out to all quarters of the sky in a circle sixteen feet

in diameter. The statue is pivoted iipon a stout

central bar of iron, which rises out of a lead-and-

copper-covered cupola, and this metallic mass is

closely connected with the hirfiest range of the

coronet of spikes.

Eight iron rods run down from this lofty spire,

and are joined below by numeroiis other rods that

descend from the subordinate pinnacles and spires,

and these rods (shown at c, in Fig. 7) are all at last

collected into one metallic mass in the inner court,,

about three feet from the ground, as shown at d, in

Fig. 7, by being plunged into a square iron box

Fis'. 6.—The Statvie of St. Michel which siinnoimts the spire of the-

Hotel de Ville at Brussels, with its subjacent coronet of tufted
points. [After MeJscns.)

quite filled with zinc, that has been poured in round

the rods in a molten state. Three times as many
rods distributed into three distinct bundles then

issue from the iron box beneath, as represented

betv.'een d and e, in Fig. 7, to establish the connec-

tion with the earth, and of these one bundle passes

down to an iron tank sunk into a water-filled well

dug out beneath the foundations of the building.

The second bundle is carried to the iron main of

the water supply of the town ; and the third is

continued on in a similar way to one of the large

iron mains of the gas supply. In this ingenious

way not less than .300,000 square yards of earth

contact have been secured for the lower termination

of the system. It will not be deemed unworthy

of a passing note that Professor Melsens, the

skilful and bold originator and director of this

admirable woi*k, holds that even a large towm
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•sliould be defended from lightning in a similar

way, by one general system of connected rods dis-

ti-ibnted to all the most prominent buildings, and

issuing from one common earth termination of

very ample capacity. Such a system is, no doubt,

in piinciple, correct, although it may be difficult to

carry it out in detail, and is therefore worthy of

being followed in smaller works so far as each

individual case permits.

The gi-eat principle, therefore, which has to be

kept constantly and prominently in view in the

construction of lightning-rods, is simply that the

conductor shall be made as capacious as possible,

.and that there are thi-ee quite distinct ways in

which ample capacity may be insured : (1) By the

employment of large rods for the main stem of the

conductor
; (2) by the multiplication of the points

Avhich bristle up into the air from the highest parts

of the building, and (3) by the amplification of the

earth-contact under the ground. It should, how-

ever, also be known that it is practicable to ascer-

tain how far in any individual case sufficiency of

capacity has been attained, by testing the resistance

which the system of conductors affiards to a weak
•current of artificial electricity passed through it to

the earth from a battery provided by the electn'cian

-for the purpose, although this requires a consider-

able amount of technical knowledge and skill in the

operator to carry it into efi'ect. Such tests need

also to be refloated from time to time to make
sure that the channel of outlet into the earth is

not becoming accidentally diminished, or obstructed,

through the influence of destructive corrosion.

In thememo-

randum of in-

s t r u c t i o n s

which was is-

sued by the

French Acad-

emy of Sciences

in 1823. it was

laid down as a

^ kind of law that

every point of

a lightning-

conductor effi-

ciently protects

a conical space,

which extends as far again round the centre of the

base of the cone, as the cone itself is high. It is now
known that this projoortion is not implicitly to be

trusted to. The presence of large masses of metal

in a building, and some other circumstances with

rig 7 —A Portion of tlie Inner Covirt-yard
of tlie H6tel de Ville, showing how the
earth contact of the Lightning-conductor
is managed. {After Melsens.)

which practical electricians are familiar, may require

additional precautions beyond those which are

involved in its adoption. It may nevertheless be
looked upon as a good general guide, subject to

such incidental modifications. The lightning-con-

ductor should be arranged so that no portion of the

building presumed to be under its protection

projects anywhei'e beyond the surface of such a

cone, having a base four times as wide as the con-

ductor itself is high, without an additional point

being furnished to it, and i:)laced in connection with

the conductor. If the sketch in Fig-. 8 be taken

rig. 8.—lUustrating the Conical Space considered approximately
and rudely as protected by a Lightning-rod.

to represent a church with a lightnmg-conductor

a b upon its tower, whose terminal aigrette, a, is

100 feet above the ground, and the lines a e, a f,
be conceived to mark out a cone whose base is 400
feet in diameter, then the gable c would be beyond
the area of protection, and it would be necessary

that an additional point, or tuft of points, should

be erected there, and connected with the main
stem of the conductor as indicated at d. Any
number of branches and points may be arranged

upon the same general system where large buildings

are concerned, as iiadeed is the case in the instance

furnished by the Hotel de Ville at Brussels.

There is one measure of precaution which must
never be lost sight of in arranging any system of

lightning-conductors in towns. The rods must in

no instance be carried anywhere near to small

soft-metal gas-pipes, or there will be imminent risk

of the discharge escaping deviously to the gas-pipes,

on account of the very large and free metallic com-

munication with the earth which these invariably

possess, melting them during its passage, and setting

fire to the gas which escapes at the damaged place.

Very numerous instances are on record in which
the discharge has burst in this way from a con-

ductor with small earth contact through six feet of

solid masomy to get to a gas standard, with large

earth communication, fixed on the inside of the

wall immediately opposite to the conductor. The
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obvious remedy for this danger, when for any

reason a lightning-conductor is required to pass

near to a small flexible gas-pipe, is that the con-

ductor should be itself carried down to one of the

large mains of the gas supply. By adopting this

plan, it is clear that all risk would be effectually

obviated, because a discharge of lightning would

not, under such circumstances, need to strike across

to the gas-pipe to get to the earth communication

of the main, having already its own connection

established with that same earth contact by a

nearer and easier route.

COAL GAS.

By J. Falconer King, F.C.S.,

Ledwey on CJiemistry in M'mto House Medical Sclioo/, and Cittj Anahjst, EdiriburgJi.

IN the early part of last century the then Dean

of Kildare, the Kev. John Clayton, noticed a

ditch about two miles from Wigan, in Lancashire,

wherein the water, as he tells us, would seemingly

burn like brandy, and the flame whereof was so

fierce that several strangers sxicceeded in boiling

eggs over it.

Desii-ing to ascertain the cause of this phe-

nomenon, Mr. Clayton hired a person to make a

dam in the ditch, remove the water, and then dig-

down into the earth. When the excavation had

proceeded about half a yard, a bed of shelly coal

was reached ; a lighted candle was then put down

into the hole, when the " air " caught fire and con-

tinued to burn. In order to prove the truth of his

supposition that the inflammable air and the coal

were somehow connected with each other, he

prociu'ed a sample of the latter, and subjected it to

distillation in a retort heated by means of an open

fire. At first there was produced only a "phlegm,"

but afterwards there appeared a black oil, and

finally a " spirit ai'ose." This sjiirit he could "in

no way condense," but he found that as it issued

out in a stream it very readily caught fire when

brought in contact with a lighted candle, and con-

tinued to burn with violence.

Having a mind, as he says, to try if he could sa^'e

any of this spirit, Mr. Clayton adjusted a turbinated

receiver to his apparatus, and to the exit-pijie of the

receiver he attached an empty bladder, which as

the spirit arose was blown up and filled. The

spirit as thus stored in the bladders he again tried

in various ways to condense, but all his eflbi'ts in

this direction were in vain.

" Then," to use his own words, " having a mind
to divert strangers or friends, I have frequently

taken out one of these bladders and pricked a hole

therein with a pin, and compressing gently the

bladder near the flame of a candle till it once took

fire, it would then continue flaming till all the

spirit was compressed out of the bladder , which

was the more surprising because no one could dis-

cover any difference between these bladders and

those which were filled with common air."

Thus was coal gas discovered ; and it is curious

and interesting to note that the process which Mr.

Clayton employed to manufacture one or two

bladders full of the gas with which to amuse his

friends, is essentially the same as that which is

employed in the present day for the production of

the enormous quantities of this material, now used

so extensively as a source of light and heat.

Nearly a century and a half have passed away
since the discovery of coal gas was made, and yet

not much more than sixty yeai-s have elapsed since

it came into general use as an illuminating agent.

Various reasons have been assigned for this long

delay in the useful application of this most imj^or-

tant discovery. As was to be expected, such a

notable discovery as that of Mr. Clayton's led to

many experiments being made, but these were

mainly of a philosophical character. Neither Mr.

Clayton nor any of his contemporaries seem to have

thought of making use of the new gas for lighting-

purposes, and it was not until the year 1792 that

it was first so employed. In that year, memorable

in the annals of gas illumination, a Scotsman,

named William Murdoch, then residing at Redruth

in Cornwall, to whom is due the honour of first

turning the result of Mr. Clayton's discovery to

practical account, lighted his house and office

with coal gas made in an apparatus of his own
construction. Three or four years afterwards

Murdoch removed to Ayrshire, in Scotland, and

thei-e he manufacture<:l and u.tLlised coal gas much
in the same way as he had done in Cornwall.

Thus—though, no doubt, on a very small scale—was

the power of gas as an illuminating agent fully
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proved. Not, however, till the year 1798 was gas

used commercially as a substitute for the old-

fashioned oil lamps and candles, and even then it

was employed to a very limited extent only.

Li the year 1805 the cotton mills of Messi's.

Phillips and Lee at Salford were lighted with gas
;

in 1809 an application was made to Parliament

for an Act to incorporate a company, to be called

The London and Westminster Chartered Gas-light

and Coke Company," and thefollowingyearthe charter

v.'as granted. The newly-formed company, though

it had now obtained a charter from Parliament, met

with much opposition from the general public. The

idea of lighting a town with gas was looked upon

5XS purely visionary ; and as illustration of the

opinions held by even some of the foremost men of

the time, it may be mentioned that Sir (at that

time Mr.) Humphry Davy regarded the proposal

as being so suj^remely ridiculous that he asked

scornfully whether it was intended to take the

ilome of St. Paul's for a gas-holdei*.

The engineer to whom the question was ad-

ilressed liad evidently formed a better opinion of

the future in store for gas illumination than that

^Jossessed by the great chemist, for he answei'ed by

confidently expressing the hope that he might live

to see the day when gas-holders would not be much
smaller. This hope, the utterance of which was, no

<loubt, regarded as empty boasting, was realised far

beyond what was ever evidently expected ! The

<lome of St. Paul's is 14-5 feet in diameter, and

there is now at least one gas-holder exceeding 200

feet in diameter.

The new gas company, meanwhile, struggled on

-against all opposition, going so far even as to

supply many shops and houses with gas for

nothing, in ordei-, if a,t all possible, to entice the

public to look with favour on the new light. This

state of mattei's continued for nearly two years,

and then slowly, one by one, the many obstacles in

the way were surmounted. These obstacles, how-

ever, were neither few nor trivial. In the first

place there was the unaccountably great and ap-

parently perfectly unfounded prejudice entertained

ngainst gas, not only by the general public, but also

l^y many eminent scientific men. Then the insurance

companies raised many objections, one at least

•of which was extremely frivolous. If a gas-burner

was left open accidentally, they asked in horror,

what would be the consequence 1 To meet this a

special burner was invented, which, however, was

never afterwards used.

Following the lead of the insurance companies.

the Government next interfered. They were not sure

but that some demon of destruction might be lurk-

ing undetected in the apparatus in connection witli

the much-suspected gas-flame. They accordingly

deputed a nuinber of gentlemen to proceed to

the works of the unfortunate gas company, and

make a careful inspection of their premises, the

result of which inspection was that the deputation

strongly advised the Government to insist that the

company should only erect small gas-holders, and

that these when erected should be enclosed in

strong buildings.

The first part of this recommendation was made
apparently in the belief that gas-holders are liable

to explode, many people then, as now, believing

that if a light was introduced into one of these

large vessels a most disastrous explosion would im-

mediately result. The fact of the matter is, that il

a light was put inside one of these gas-holders it

would simply be quietly extinguished without even

igniting the gas. Gas will not burn, much less

explode, until it comes in contact with the air, and

these gas-holders contain, not an explosive mixtm-e

of gas and air, but merely gas, pm-e and unmixed,

and therefore perfectly incapable of exploding. In

these early days, however, the properties of gas

were not so well understood as they are now, and

therefore we can excuse the first part of the recom-

mendation made by the deputation. The second

part, however, in which they advised that the gas-

holders should be surrounded with substantial

buildings, is totally inexcusable. If the gas-holders

were not liable to explosion these buildings were

not required ; and if there was any likelihood of

their exploding, the presence of the buildings, far

from doing any good, would in the event of an

explosion increase the disastroiis efiects tenfold.

The company protested and explained, but all in

vain
;
they were compelled to erect the exjDensive

and useless buildings.

Nor were then- troubles yet at an end. On the

occasion of the rejoicings for the Peace, in June,

1814, it was proposed to have a grand public

illumination by means of the new light. For this

purpose a large wooden structure was, by order

of the Government, erected in St. James's Park.

This was provided with more than ten thousand

gas-burners, which by an ingenious arrangement

were made to catch fire one from tlie other, so that

by simply applying a light to one of the burners

the whole ten thousand were ignited with great

rapidity, and the entire structure, some eighty feet

in height, aj^peared in a few seconds as if it were a
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solid mass of flame, tlius presenting an exceedingly

grand appearance. The illumination was veiy suc-

cessful when tried on the previous night ; the next

night, liowever, one of the officials in command in-

sisted, contraiy to the advice of the gas engineer,

upon letting oS some fireworks from the wooden

.stage, before the illumination took j^Iace, the result

of which was that the vast structure was burned to

the ground before the gas was turned on. A report

was cii'culated that the fire was caused by the gas,

and this unfortunately being generally believed,

the progress of gas illumination received another

serious check. Next year, however, the Guildhall

was lighted with gas, the 9 th of November being the

day fixed for the first trial. Here, happily, every-

thing was successful, and the new light on this

occasion was loudly extolled, and from this time

onwards the success of gas as an illuminating agent

may be said to have been complete. In 1813

Westminster was lighted with gas ; in the follow-

ing year many of the old oil lamps in the streets

were superseded by the new light, and in tlie yesiV

lifter that, as we have just seen, it made a highly

successful debut at Guildhall.

Its progress now, though still slow, was sure
;

the old oil sti-eet lamps in the metropolis were gradu-

i\]]y supplanted by gas, and not many years after-

wards its use as a source of light became common in

the provmces. Thus its rate of progress became

more rapid
;
eveiywhere, where men were gathered

together in numbers sufficient to maintain gas-

works, was the material made and used, and now it

is a very small village indeed that does not possess

the means of supplying its inhabitants with the

wherewithal necessary for the production of the

cheap, safe, clean, and brilliant gas-flame.

In considering the mode at present in use for

the manufacture of this now all but indispensable

material, coal gas, it is a j^oint worthy of observa-

tion that the main part of the process whereby

tliousands of tons of coal are daily consumed, is

essentially the same as that which Mr. Clayton

employed when he heated a few chips of coal in a

closed vessel by which to cliarge the bladder from

which he burned the spirit for the amusement of

his friends.

The operations carried out in the production of

gas may be said to be two in number: (1) the

distillatioii of the coal, and (2) the purification of

the crude gas so produced.

The first operation, viz., the distillation, consists

in heating the coal in closed red-hot iron or clay

vessels, called retorts. We are all aware that if
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coal be heated to redness in tlie air a considerable

amount of heat and light will result, and that the

coal will sjieedily be burned away and reduced to

ashes. Wo will not, however, by that process

succeed in collecting any such material as coal

gas. If, however, instead of heating the coal in the

open air we heat it in a closed vessel, such as an

iron bottle, we shall have a large quantity of com-

bustible gas produced.

This operation, then—that is, heating the coal in

closed vessels—constitutes the first process, or the

distillation, as it is called, in the manufacture of

gas.

A very simple and familiar experiment will fully

illustrate this process of producing gas by the dis-

tillation of coal. Into the bowl of a common
tobacco clay pipe are introduced a few chips of coal

about the size of a pea. Uj^on the top of the coal

a layer of clay is put, in order to protect the coal

from the action of the air. This simple arrange-

ment being completed, the bowl of the pipe thus

charged is heated to dull redness by being

placed in the centre of a common fire. In a

few minutes distillation of the coal will commence.

Smoke will issue from the stem of the 2)ipe,

and in a few seconds more this will be succeeded

by gas, which, on the application of a light, will

inflame, and burn with a bright yellow flume,

which will continue as long as the supply of coal

in the bowl of the pipe lasts.

In gas-works, instead of tobacco-pipes, huge iron

or clay retorts are emjoloyed, in which are distilled

several hundredweights of coal at each charge.

These I'etorts ai-e built into brickwork, and ai'e

heated to the requisite temj^erature by means of

furnaces appropriately arranged. The retorts

themselves are nothing more than plain cylindrical

vessels, from six to eight feet long, by about

eighteen inches in breadth, closed at one end and

open at the other. To the open end is adjusted a

nicely-fitting door, by means of which the orifice

can be quickly and securely closed. Not far from

the open end of the retort there is an opening in

its ujiper side, into which an iron exit-pipe is fixed,

which is for the purpose of carrying off" the gas as

it is produced in the retort. All being ready, the

retort is heated by the furnace just mentioned

until it is red-hot ; the door is then opened, and

the charge of coal-—broken into pieces about the

size of a man's closed hand—is introduced as

rapidly as possible, and the door quickly closed.

Distillation at once commences, and the gas so

produced, having no other means of escape, passes
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up the exit pipe just refeiTed to, and then into a

large iron vessel, named the hydraulic main, where

it deposits the greater pAvt of the tar and the

ammonia Avater, which are produced simidtaneously

with the gas, and which accompany it thus far in

the process of manufacture.

After leaving the Jiydraidic main, the gas—now
partially, but by no means perfectly, purified—passes

on to an apparatus called the condenser. This

consists of a series of iron pipes generally placed

perpendicularly, so as to present as much rjurface as

gas-holder, whence it is forced to the different points

where it is to be consumed.

By reference to the illustration below (Fig. 1),

which shows the arrangement of the different

pieces of apparatus just described, no difficulty

will be experienced in tracing the course of the gas

from the point wdiere it is generated in the retort

to its final reception by the gas-holder. On the

extreme right the retort, heated by the fire beneath,

and properly charged Avith coal, is shown. The
impure gas here produced passes up through the exit

WATER PIPE

possible to the cool-

ing action of the air.

The gas by passing

through this con-

denser is lowered con-

siderably in tempei'a-

txire, by which treatment it is freed from the

last traces of liquid impurity Avith Avhich it may
l^e contaminated. It is not yet, however, free

from all contamination ; it still coixtains a certain

amount of sulphur, present in the form of two

compounds of that element, known to chemists

as sulphuretted hydrogen and carbon disulphide.

To remove these highly objectionable substances

the gas is first passed through an apparatus

called the scrid)her. Here it is made to ascend

through a falling shower of water, Avhich removes

in gi-eat part the compounds soluble in that liquid.

The gas, hoAvever, is not yet jDure enough for

use, and to effect its final purification it is passed

through Avhat is known as the lime purifier. This

consists essentially of a large air-tight vessel, in

Avhich ai-e placed a number of trays filled with

slaked lime. The gas is thus brought in contact

Avith a A'ery lai'ge surface of lime, by the action of

Avhich it is freed from the remaining sulphur impu-

rities, and being now fit for use, it is passed into the

tidje A into the hydraulic main, Avhere the tar and

other fluid matters are deposited, as already de-

scribed. It then passes down through the tube b

into the upright jiipes marked "condensers;" from

these it passes to the scrubbers and lime purifiers,

and finally into the gas-holder, where it is stored

for use.

HaA'ing noAv obtained our gas pure and ready for

consumption, it seems meet that Ave should make
ourselves acquainted with its composition and Avith

the mode in which it acts as an illuminating agent.

Coal gas, as it is usually prepared, contains four

or fiA-e elements, but of these only two are really

xiseful. These two are—hydrogen, the properties

and preparation of Avhich have been already de-

scribed/* and carbon, a familiar form of Avhich is

common wood charcoal.

These tAvo substances have A-ery different proper-

ties, and neither of them singly would make a good

illuminating agent. In consequence, howcA^er, of

one of them possessing, to a A ery marked extent,

those peculiar properties in Avhich the other is

deficient, they, Avhen in combination, constitute

a substance which, as we knoAV, fulfils this office

admirably.

Coal gas being really and truly a gas, it is difficult

* "Science for All," Vol. I., p. 279.
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at first for tlie non-chemical mind to conceive

Jiow sucli a substance as carbon or charcoal can

enter into its composition. Tliat it does contain

this element, however, we can easily show by per-

forming tlie very simple but convincing experiment

of holding a cold white plate in a common gas-

flame for a few seconds, when it will be blackened,

or smoked as we say. This smoke is nothing more

than a portion of the carbon which the gas con-

tained, and which was deposited on the plate in

consequence of our having cut off the supply of air

necessary for its combustion, and so j^i'eventing its

removal in the ordinary way. The presence of the

Ijydrogen can also be shown by holding a cold drij

glass, such as a tumbler, over a small gas-flame,

when, in a few seconds, the interior surface of the

glass will become covered with a thin film of dew

or moisture. This film is water, and as we know
that water is generated when hydrogen is burned,

we have liere a pi'oof of the presence of that

substance in the gas.

Next we have to consider the ofiices wliicli these

two substances, liydrogen and carbon, fulfil by their

presence in coal gas. Hydrogen, as we have seen

in a former paper, is a very inflammable gas. It

burns very easily, but its flame, though jjossessing

a very high temperature, gives very little light ; so

feeble, indeed, is it, that it can hardly be seen in

broad daylight. Clearly, then, it would not do for

illuminating purposes. The carbon, on the other

hand, does not burn readily, but when it is heated

up to a high temperature, such as that possessed

by the hydi'ogen flame, it becomes incandescent,

and gives off a great amount of light. When coal

gas bui-ns we may regard these two operations as

taking place. The hydrogen being very inflam-

mable, easily catches fire, and by the great heat

Avhich it produces in burning it raises the carbon

to such a temperature that it becomes highly

luminous, giving rise to the beautiful bright

flame Avith which we are all so conversant.

With reference to the amount of light which
is produced when coal gas is burned, this we find

varies considerably according to the quality of gas

which is behig burned, and its quality depends to

a certain extent upon the mode of manufacture,

but much moi-e on the nature of the coal from
which the gas has been procured. Thus, tJie

average quality of London gas, which is made
pruicipally from English coal, gives a light

which is equal to about that shed by fifteen

sperm candles, while Edinburgh gas, which is

made from a very rich variety of coal found in

Scotland, and known as cannel coal, gives a light

which is nearly twice as strong as that obtained

f)'om London gas. This fact is expressed techni-

cally )jy saying that London gas is fifteen-candle

gas, while that made in Edinburgh is thirty-candle

gas. The I'ate at which gas is burned in making

the trials necessary to determine its illuminating-

power is five cubic feet per hour, and the flame so

produced is very accurately compared by means of

suitable apparatus with the flame of a spej-m candle

burning at the rate of 120 grains per liour. So

that when we say that a certain gas is of twenty-

candle power, we mean to express tlie fact that the

flame produced by burning this j^articiilar gas at

the rate of five cubic feet per hour gives as much
light as that which would be given off by twenty

candles, each burning at the rate of 120 grains per

hour.

In considering the uses of gas there can be no

doubt whatever that the service it rendei's as an

illuminating agent is by far the most important.

It furnishes us with a source of light which is at

once highly eflicacious, extremely convenient, and,

when properly used, perfectly safe. From nothii^g

else with which we are acquainted can we obtain

a light so excellent and so cheap as that A\ hich

we get from gas.

In 1879 the shareholders in some London gas

companies were startled by a repoit to the efl'ect

that henceforth electricity was to be used as a

source of light instead of gas. The report, how-

ever, was ill-founded : the electric light* has not

superseded the gas to any extent worth mention-

ing, and it may be safely added, probably never

will, so long as coals remain as cheap as they are

at present. Electricity being thus practically out

of the question, there is nothing left which in point

of eflicacy can compete with coal-gas.

In the matter of convenience, also, gas stands

unrivalled. What can be easier than turning a

stopcock and applying a lighted taper ? Although,

with the view of simplifying even this simple

operation, a stopcock has been invented which, by

being turned, not only allows the gas to escape,

but lights it also.

Finally, on the score of safety, few gaseous in-

flammables can compete successfully with gas. It is

true that occasionally we hear of disastrous effects

arising from explosions of gas; such results, however,

spring almost invariably from gross carelessness.

Gas, by itself, will not explode ; it is only when it

* See "Science for All," Vol. I., p. 44, for an account of

this "Light of the Futui-e."
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is mixed with a certain proportion of air that it

becomes formidable as an explosive agent ; and if,

when an odour of gas is perceived in a house, the

gas supply be stopped at the meter, and the win-

dows and doors opened to allow what gas has accu-

mulated to escape, before a light is made use of, no

explosion can possibly take jjlace. Instead, how-

ever, of this very simple precaution being adopted,

we generally find tliat when gas j^^'oclaims its

px-esence in a house the first step is to light a

candle, and cai'ry it into the apartment where the

dangerous and highly explosive mixture of gas and

air is lurking, witli a result the nature of which

we are but too well acquainted with.

Besides being useful as a source of light, coal

gas is now very extensively employed as a heating-

agent, being almost universally used in chemical

laboratories, and other scientific work-rooms for

this 25"i'P<^s6- It is f^^so largely employed by dif-

ferent artificers as a ready and clean source of

heat, and it is very frequently used to supply the

heat necessary in cooking operations. It com-

mends itself for all these purposes by its exceeding-

cleanliness, there being no smoke and no dust when
it is employed as fuel. It is also valuable in so

far as it is thoroughly under command—we light

our gas-fire, and it is ready for use immediately,

and when we require it no longer we can extinguish

it at once and completely.

Besides, however, serving as a source of light

and heat, gas is also used as a motive-power,

being applied for this purpose through the medium
of the highly ingenious gas-engine. To under-

stand how these elegant machines perform woi-k,

we recall to our remembrance the gi-eat force

which a mixture of gas and air exerts when it is

exploded.

In the gas-engine this tremendous jiower, which

in oi-dinary circiimstances is exerted in wrecking

oiir houses, is made to drive a piston from one end

of a cylinder to the other. The piston being thus

kept moving, communicates its motion to a crank

on an axle on which a wheel is fixed, and thus a

rotatory movement, Avhich can be applied to drive

any machine, is obtained. This engine, it will be

noticed, requires neither fire, boiler, nor steam—

a

very great consideration, certainly, in the many situa-

tions where motive-power is required, but where,

in consequence of limited accommodation, or for

other reasons, the presence of a furnace and steam

boiler is not desirable.

Very intimately connected with the subject of

coal gas, though, perhaps, hardly forming a part

of it, are the numerous and valuable by-products-

of this now most extensive manufacture.

The principal of these products are coke, am-
monia, and gas tar, as it is called. The first, which

constitutes the residue left in the retorts after the

distillation of the coal is finished, is largely used as

fuel. The second—the ammonia—which in a state

of aqueous solution is separated from the gas along,

with a certain amount of tar, by the liydraulic

main, is very valuable, selling at fromo£80 to £100-

per ton. It constitutes the base of ammonia salts,

sal volatile among others. The third by-product,,

the tar, is by far the most important. At fii-st this

substance was regarded as a nuisance ; to touch it

was to be defiled, and the sooner and more com-

pletely it was destroyed the better. The researches

of modern chemistry, however, have shown this-

apparently unpromising- material to be a perfect

mine of wealth. To understand this, it is only

necessary to call to mind the magnificent coal-tar

or aniline colours, which as they are now being-

produced in almost every hue and every shade, are

rapidly superseding the older forms of dyeing

materials.

The aniline, from which the coloui'S are pro-

duced, is made by a somewhat complicated process,

from the tar. The crude material, as it is received

from the gas-works, is first of all submitted to dis-

tillation. By this treatment it yields what is

known as naphtha. This naphtha, which is a use-

ful material in itself, is also distilled, by which

operation a very light volatile liquid known as

benzol is obtained, which is also very useful, quite

independently of the jjart it plays in the process

-

of the manufacture of the coal-tar colours. This

liquid is one of the most powei'ful solvents of greasy

matters with which we are acquainted, and hence

it is very useful for removing stains caused by

grease or oil from such fabrics as would be-

damaged by the application of soaj) and water. It is

in very general use for this purpose by those people

who make a trade of cleaning kid gloves and other

delicately-coloured articles of apparel.

The benzol being thus obtained, it is converted

by the action of strong nitric acid into what is

known as nitro-benzol—a substance possessing a

very pleasant odour, closely resembling that of the

essential oil of bitter almonds, and which is used

by confectioners for the purpose of communicating

an agreeable flavour to certain of their wares.

The nitro-benzol having been procured, it is

submitted to the last operation, which consists in dis-

tilling it with weak acetic acid or vinegar and iron



THE MINOR PLANETS. 173

filings. By this operation aniline is procured, and

from this the well-known colours are j^repared.

Finally, when the tar is distilled until no more

volatile matter is given off, there is left a black

solid substance known in commerce as asphalte, and

which is used extensively in the present day in

honse-building, and in the making of roads and

pavements.

Thus by the simple distillation of coal we obtain

—firstly, the all-important and almost indispen-

sable substance, coal gas
;

secondly, ammonia, a

most valuable product, and one of the gi-eatest

importance in modern agriculture
;
thirdly, coal-tai-,

from which, as we have just seen, we obtain the

useful materials, naphtha, benzol, nitro-benzol, and

aniline—the source of the coal-tar colours ; and

fourthly, asphalte, now so much used in house-

building and road-making operations.

THE MINOE PLANETS.
By W. F. Denning, F.E.A.S.

THE chief planets of the solar system were found

to i-evolve (long before the telescope revealed

the smaller members of the series) at api^roximately

regular distances fi'om each other in the order of

outward progression, and it Avas a fact incidentally

referred to by Kepler, that this harmony of jjosition

was disturbed in the case of Mars and Jupiter, be-

tween which there came

a great void in the inter-

planetary spaces. The

celebrated " law " attri-

buted to Bode (but which

really had its oi-igin

in Professor Titins, of

AVittenberg), by means

of which the relative

distances of the })lanets

were aptly rejiresented,

pointed distinctly to

the assumption that an

unknown planet re-

volved in the wide inter-

val sepai'atingMarsfrom

Jupiter (Fig. 1). Tak-

ing the solar distance of

Saturn (which was con-

sidered the most distant

jilanet at the time of

which we are speaking)

at 100 parts, then the

distance of Mercury is 4, of Venus i + S = 7,

of the Earth 4 + 6 = 10, and of Mars 4 + 12

= 16, but from Mars we have to leap over a

tremendous gap in the sequence of orbits before

we come to Jupiter at 4 + 48 = 52. Midway in

the interval we get 4+ 24 = 28, and here it

seemed from the analogies of the law that a planet

10 IG

was wanting. In order to show the alleged corre-

spondences let us take the numbers :

—

0 3 6 12 24 48 96

which, counting from the second, exhibit an in-

crease of double A'alue at each step
;
adding 4 in

every instance Ave have

—

28 52 100

and these figures show

a very remarkable coin-

cidence with the actual

l)lanetary distairces com-

puted fi'om observation

(the Earth's distance-

being considered = 10)

as follows ;

—

3-87 7-23

^ ?

void 52-03

10-00 15-23

© 6

95-39

h

our fore-

reposed

1.—Relative Position of Plauetary Orbits.

The dotted circle Indicates the region where, in the void bet^veen JIars and
Jui>iter, a planet was supposed to exist before the detection of Ceres in 1801.

Those among
fathers avIio

faith in universal laws-

or analogies as a basis

of prediction must here

have found an attrac

tive subject for specu-

lation. This law of

Titius conformed with

remarkable closeness to

the relative distances of

the planets, except in one instance, and this of so

striking and distinct a nature as to lead directly to

the inference that a large planet or series of planets

remained undiscovered. Kepler Avrote in the in-

troduction to one of his works :
—" I have become-

bolder, and now place a new planet between.

Jupiter and Mars, as well as another between
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Venus and Mercury
;
probably it is the extreme

smallness of both which has caused them to remain

unseen." Titius himself, speaking of the great

vacancy between Mars and Jupiter, expressed liis

conviction that " we must not doubt that it is

occiTpied ; it may be by the hitherto undiscovered

satellites of Mars, or perhaps Jupiter may have

additional satellites that have never been seen by

any telescope."

The so-called law of Bode in a modified form was

iipplied by Wurm of Leonberg, who, adopting 387

as the distance of Mercury, 680 as that of Venus,

and 1,000 that of the Earth, derived the following

jiumbers :

—

Trae
distances.

Mercury . 387 387

Venus .... 387 + 293 = 680 . 723

The Earth . . 387 + 2 X 293 = 973 . . 1000

Mars .... 387 + 4 X 293 = 1-659 . . 1-523

Unknown Planet 387 + 8 X 293 = 2-731 .

Jupiter . ... 387 + 16 X 293 = O-075 . . 5-203

Satvirn . . . 387 + 32 X 293 = 9-763 . . 9-539

Uranus . . . 387 + 6-1 X 293 = 19-139 . . 19-182

Though these figures present a vei-y close approxi-

mation, they do not exactly coincide, and thus the

alleged agreements were sometimes ridiculed as

imworthy of more importance than should be at-

tached to a purely accidental correspondence of

Jiumbers. But many remained dissatisfied
;
they

«aw the wide breach in the successive folds of the

planetary orbits, and i-emembering the harmony

^ind regularity with which the whole mechanism of

the solar system had been devised, they ventured

yet to predict the ultimate discovery of a planet

which should restore the continuity of the series.

True, the ancients had never seen the vestige of

any such body, though they had pursued observa-

tions with a far-seeing vigilance, and had even de-

tected the fugitive Mercury. ObviocTsly, therefore,

if an unknown planet revolved between Mars and

Jupiter it must be of extremely diminutive pro-

portions, shining, in fact, with such feebleness as

t,o be utterly beyond the range of human vision.

Towards the end of the eighteenth century a

great impetus was given to observational astro-

aiomy by the eminently successful labours of

William Herschel and his contemporaries, Shroter,

Messier, and Olbers. The time had evidently come

when something of an efibrt must be made towards

the practical solution of the question. The sus-

^jected planet must be searched for in a systematic

way, and by a corps of experienced observers.

Accordingly, in 1800, an association was formed

for the special pux'pose of exploring the zodiacal

constellations, and critically examining the smaller

stars there which might by appearance or change

of position give indications of a j^lanetaiy nature.

The work was distributed amongst twenty-four

observers ; each had one hour of right ascension

(equivalent to 15 degi'ees) apportioned him, in

which all the telescopic stars were to be subjected

to a rigid scrutiny. Begun with svich excellent

method, and pursued with unabating energy, tlie

search could not long prove fruitless. On January

1st, 1801, Professor Piazzi, of Palermo, discovered

a faint stellar object in Taurus, which could not be

identified with any star recorded in the catalogues.

Observing it again on the following night, and

finding that its exact position with regard to the

neighboui'ing stars had certainly changed, there

was no longer any doubt as to its real planetaiy

nature^ though Piazzi at fii'st mistook it for a comet

on account of the ill-defined nebulous light in

which it seemed enveloped. He continued to

observe it until the 1 2tli of February ensuing, when,

however, he fell ill, and an abru2:)t termination was

put to his observations. The new planet was then

lost for a time, but Dr. Olbers, of Bremen, re-

covered it after diligent observations, and its orbit

was approximately computed from the available data

obtained by him and Piazzi. The period assigned

for its revolution was 1,652 days, at a mean dis-

tance from the sun of 2"735, the earth's distance

being considered = 1. The new planet, for such it

was incontestably proved to be, was named Ceres,

and to those who had advocated the existence of

such a body between Mars and Jupiter, the event

afforded the most signal gratification, for nothing

could be closer than the agreement between its pre-

dicted position and that actually derived from cal-

cirlation. The law of Titius and Bode, as corrected

by Wurm, indicated the place of the planet at

2-731 ; it was really found at 2-735, which is

almost absohitely coincident. The great void

separating Mars from Jupiter had disappeared, for

exactly at the place wliere the analogies of the

planetary distances had shown a planet to be want-

ing, one was found, and of such small dimensions

that no wonder the expectant gaze of the ancient

astronomers had been turned to it in vain.

The discovery of Ceres was the prehide to other

important discoveries of a similar nature. Dr.

Olbers, early in 1802, had been carefully noting

the small stars of Virgo, and in March of that year,

while awaiting the re-a,pparition of Ceres after its

conjunction Avith the sun, detected a faint body in a.
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position which he could not reconcile witli lii.s

former observations. This eventually proved to

be a new planet which, on full investigation,

displayed many points of similarity with that of

Ceres, for its orbit and period were neai-ly identical,

and it exhibited the same nebulous appearance

and small proportions as that planet.

The assiduity of the observers was not relaxed

on the discovery of these planets, which, indeed,

caused them to redouble their efforts, so that on

September 1st, 1804, a third was found, and on

March 29th, 1807, a fourth. The former was

detected by Pi-ofessor Harding, of Lilienthal,

Germany, and was named Juno. The latter

was found by Dr. Olbers, and called Vesta,

and was decidedly brighter than either of

the others. When near opposition with the

sun, this planet is just perceptible to the

naked eye, shining like a star of about the

sixth magnitude. Thus four planets had

been added to the known members of the

solar system by the diligence with which the

ol)servations had been pursued ; but though

the work was continued until 1816, no

further discoveries were annovmced, and the

search was finally given wp. The results

which had been achieved fully compensated for

the labour involved. Four minor planets, forming

a new order of bodies, had been detected between

the orbits of Mars and Jupiter. Their elements,

computed from the most recent data, are as

follows :

—

Planet. Discovered.
Distance

(® = 1).

Period
Days.

Diameter
Miles.

Star
Mag.

C'ert'S .

Piillas .

Juno .

Yesta .

1801, Jan. 1

1802, Mar. 28

1804, Sept. 1

1807, Mar. 29

2-767

2-769

2-671

2-362

1681

1683
1594
1325

227
172
112
228

7- 7

8- 0
8-5

6-6

whicli separates Mars and Jupiter, but whicli

became shattered into pieces by some great

natui'al calamity, and he further predicted the-

discovery " in the same region of many more

such fragments." Were they the disintegrated

materials of one mass, he concluded that thej'

must formerly have taken tlieir departure frons

the same region, and their motions should

exhibit " two common points of re-union, or

two nodes in opposite parts of the heavens

through which all the [)lanetary fragments must

sooner or later pass." On further investigation he

PLANE OF THE ECLIPTIC

Sir William Herschel gave the name of asteroids

to this new group of bodies, but they are some-

times more appropriately called planetoids, and of

late years it is superseded by the term "minor

l)lanets," which is becoming universally adopted as

the most suitable title for this numerous and

rapidly-increasing class of bodies.

Upon the discovery of Ceres and Pallas, Olbers

was led to a bold conjecture as to their origin. It

was found that their two orbits nearly intersected,

tliat Ceres in her ascending node passed near

Pallas, and he inferred from this that the two
bodies might be the disrupted fragments of a large

planet previously revolving in the broad interval

Fig-. 2. —Diagram exhibiting the Relative Orbital Inclinations of
the Chief Minor Planets.

found the position of these nodes to be in Virgc

and Cetus, and it afforded singular evidence in

favour of his remarkable conjecture when the

planet Juno was afterwards discovered in Cetus,

and Vesta in Virgo.

It mixst be admitted that the diminutive pro-

portions of the new bodies, and the fact that they

revolved at nearly similar distances from the sun

in mutually intersecting orbits, aptly suggested the

thesis of a close relationship, and pointed distinctly

to the assumption that they owed their origin to

the same source. Evidently they formed a special

group of bodies with some anomalous features which

sufficiently indicated their exceptional character,

and signified that they could hardly be classed in

the same category as the major planets of the

solar system, which were vastly superior in size,

and showed a totally different arrangement of

orbits. The minor planets ^.vere found to revolve

in singularly eccentiic paths, inclined to the plane

of the ecliptic at greater angles than any of the

major planets (Fig. 2). Thus the inclination of

Ceres is 10° 36'; of Pallas, 34° 43'; of Juno,

13° 1'; and of Vesta, 7° 8'; whereas that of Mars

is only 1° 51', and of Jupiter, 1° 19'. The orbit of

Pallas is, in fact, inclined at such a considerable

angle that the planet may extend its excursions to
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sorne distance on either side of the ecliptic, and

these eccentricities of motion have been held to

favour Olbers' theory of a fractured planet. Such

a theory, though incapable of being demonstrated,

and inferring, as it does, the occurrence at a far

remote epoch of a stupendous phenomenon iii the

planetary spaces, is yet not altogether untenable

when we consider the facts which have formed the

basis of such an hypothesis, and the satisfactory

explanation it gives to many curious results of

observation. We are wliolly ignorant of the

vicissitudes to whicli the planets have been sub-

ject during the successive stages of their existence.

At an early period of its creation, and before its

mass had been tempered into solid coherence, the

intra-Jovian planet may have collapsed under the in-

fluence of divellent forces acting ujion it from within,

and its fragments become distributed in a variety

of new oi'bital paths arovind the sun.* But we are

not upholding this theory of a fractured planet,

though it should not be too hastily disapjjroved.

Many wonderful changes have occurred amongst

the celestial bodies, and the freaks of nature are

sometimes such as not only startle the mind, but

defy the most able attempts at explanation.

Stars of unprecedented lustre have suddenly ap-

peared in the heavens and remained visible several

months, as for example, Tycho Brahe's star in

Cassiopeia (1-572). Comets have been seen to divide

into separate parts, like that of Biela, in 1845. The

spots on the sun have presented strange phenomena.

Dr. Wollaston once saw a solar spot burst to pieces

while he was observing it. The appearance was

like that of a piece of ice when dashed on a frozen

pond, which breaks into atoms, and slides on the

surface in various directions. In 1859, a remark-

able event in solar physics was witnessed by two

observers, who, while examining a large group of

spots, saw "two patches of intensely bright, white

light break out in front of the spots and remain

visible for about five minutes, during which time

they traversed a space of about 3-3,700 miles,"

Meteoric stones, of huge dimensions, have fallen

upon the earth after traversing space with planetary

velocity, and these vagaries of nature are mentioned

in contradistiuction to the harmony and regularity

of which we are accustomed to hear so much in

' Professor Kirkwood, of Indiana, attempted the theoretical

reconstruction of the dissevered planet from its existing frag-

ments, and built up in tliis manner an hypothetical planet of

no mean dimensions, giving" it a diameter of more than 4,320

miles, and a rotation on its axis of 57^ hours, which, there-

fore, must have been performed at a very sluggish rate. {See

British Association Report for 1850, p. xxxv.)

relation to the celestial orbs. It is certain many
instances could be cited of anomalous phenomena,

suggesting an immediate origin in a disruption of

planetary materials, and it would be unfair to

negative a theory because it is hardly consonant

with our views of the pleasant working of nature's

laws. At a primitive epoch ia the history of the

planets we cannot say what stupendous forces were

operating in the general chaos of disorder, or what
destructive agencies were directed against the in-

fantile forms of the planetary spheres. As they

are telescopically displayed to us at the present

time, we are enabled to trace out many interesting

facts of tlieir appearances and motions ; but a deep

mystery hangs over their early history, and we
know nothing more than that they were originally

designed by an Omnipotent Creator, and by Him
directed upon their courses.

Subsequent to the detection of the four minor

planets—Ceres, Pallas, Juno, and Vesta—a remark-

able lull occuiTed in the progress of planetary dis-

coveries. There were absolutely no additions to

our knowledge during nearly the forty years that

ensued. In the meantime im2:iroved star maps had

been published, which, containing the smaller mag-

nitudes, were of great practical utility in the search

for minute planets. The Berlin charts, including

stars up to the 9th or 10th magnitude, situated

within 15° of the equator, superseded the less com-

prehensive charts of former observers, and though

the twenty-four maps, of which they consisted,

were not finally completed till 1859, a portion of

them had been issued many years previously, and

Herr Hencke, an amateur astronomer, at Driessen,

in Prussia, availed himself of tlieir aid in a renewed

search for new planets. For a long time he was

unsuccessful. Evidently the brighter planets had

already been sought out, and those remaining were

of such minute character as to readily elude the

most vigilant eye. At length, however, on the

night of December 8, 1845, he found a suspicious

object which he had not seen before in the same

position, and which could not be reconciled with

any star marked in his charts. This eventually

proved to be another minor planet, and he followed

up his success with a similar discovery on July 1,

1847. They were very faint objects, not brighter

than ninth magnitude stars when fii'st seen, and

required a powerful glass to render their true

character apparent.

These planets were the avant-coureurs of the host

of similar bodies whicli have been detected since

that epoch, and which is rapidly increasing every
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year. No less than 212 liave been discoveved since

Hencke announced his first success in 1815, and

iudoino- from the annual rate of increase the number

seems likely to extend itself indefinitely.* In

1877, ten were discovered; in 1878, twelve ; and

in 1879 no less than twenty, which far exceeds the

number found in any pre»ious year. SLx of them

were detected in the same month (October), and the

majority of these discoveries are due to Dr. C. H. F.

Peters,! at Clinton, U.S., and to Signor Palisa, at

JUPITER

Fig. 3,—The Zone of Minor Planets between Mars and Jupiter.
The diagram inchides more of these bodies than have teen hitherto
discovered, but fewer than vre .are warranted in assuming to
exist,

Pola ; for of the forty-two new planets which have

been detected during the three years mentioned,

they each discovered fourteen, leaving only one-third

* Chambers ("Descriptive Astronomy." 1st Edition, 18G7, p.

101) remarks, that " for the present at least the number of new
phxnets will not materially be augmented, and for this reason

—

the want of telescopes suitable and available for looking after

them. All the brighter ones ha\'e e\-idently been found, and,

speaking generally, each new one is fainter than its predecessor.'"

This prediction has been fully negatived by our experiences of

the last few years, which have been unusually prolific of such
discoveries, and seeing that we may even now infer the

existence of a multitude of unknown planets of about the

twelfth or thirteenth magnitudes, we every reason to

believe that the stream of discovery will run on with unabated
strength in future j'ears.

t His first planet was found on Blay 2f)th, 18G1, and the
aggregate number of his discoveries now reach forty-four, which
exceeds that of any other observer.
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of the aggregate number to be distributed amongst

other observers.

It was found necessary Avith the rapid increase

in the list of minor planets, and the tlifficulty of

finding suitable names, to number them pro-

gressively according to date of discovery, so that

these bodies are distinguished both by a number

and a name, and it must be admitted that this

form of nomenclatiire affords a great facility of

I'eference. Let us take the first seven planets dis-

covered in 1879, which stand in our catalogues as

follows :

—

No. Name Date of
of of Discovery, Discoverer.

.|

Planet Planet. 1879.

192 Nausicaa Tebriiary 17 Palisa at Pola
193 Ambrosia February 28 Coggia ,, Marseilles '

194 Procue March 21 Peters ,, Clinton, U.S.
195 Eurycleia April 22 Palisa ,, Pola
196 Philomela May 17 Peters ,, Clinton, U.S.
197 Arete May 21 Palisa ,, Pola
198 Ampella June 13 Borrelly,, Marseilles '

Mean
Dis-
tance.

I = 1

2-401
' 2-626

1-65:j

2.874
3-082
2-753
2-479

The necessity of affixing numbers to these bodies

will be aj^parent to any one who reflects on the

difficulty of referring to the individual members of

the sei-ies without some such guide ; were the name
only given, the eye must sometimes run through

the Avhole list before alighting upon the particular

planet i-equired.

Comparatively few of these bodies have been

discovered in England ; indeed, observers in this

country treat the subject with apathy. Thus we
need not lie surprised that foreign astronomers

have wholly monopolised the field of planetary and

cometary discovery for jnany years, and to them

must lie awarded whatever credit is attached to

such valuable and original researches. Mr. J. P.

Hind, observing at London, found ten of these

bodies during the years 184:7-54-. Mr. Pogson

at Oxford added three others in 18-56-7 ; and

jNIr. Graham at Markree, Ireland, had found one

in 1848; but these appear to be the only dis-

coveries of the kind of which we can boast. The
first intimation we usually receive of the detection

of new planets or comets comes in the form of

telegi-aphic messages from the oliservatories at

Clinton, Marseilles, or Pola.

M. Goldschmidt at Paris was one of the fore-

most discoverers of minor planets, and he owed his

success entirely to the zeal with which he pursued

the work. His observations were conducted from
the balcony of his apai-tment in the Rue de Seine,

Paris, and with telescopes of small apei'ture

mounted on ordinary stands. His indefatigal )Ie



178 SCIENCE FOR ALL.

energy, however, more than compensated for his

instrumental defects, and thus he added fourteen

phmets—two of which were detected on the same

night, viz., Sept. 19, 1857—to the known members

of our system.

Amongst other astronomers the names of those

whose success has been most conspicuous in this

department, are Dr. Luther at Bilk, De Gasparis

at Naples, and Mr. Watson at Ann Arbor, U.S.

The annual rate of discovery since 1845 has

been six. Fully one-half of the aggregate number

(212) of such discoveries has been made during

the last ten years. Those more recently found are

of extremely faint character, and observable only in

first-class instruments, whence it is fair to conclude

that all which have hitherto escaped detection

are fainter still, and form a more numerous class

than those which are already included in our

catalogues. Their orbits are without exception

l^laced between Mars and Jupiter (Fig. 3), and

they circulate around the sun in a zone extend-

ing from Medusa (149), the nearest to the sun, to

Hilda (153), the farthest from the sun, the mean

distances being 2-132 and 3'950 respectively,

which corresponds to about 195,000,000 and

301,000,000 miles, and gives the breadth of

the zone as 166,000,000 miles.

But it should be mentioned that Hilda is

situated far outside any other minor planet, for

previoiTsly to her discovery by Palisa at Pola, on

Nov. 2, 1875, the most distant were Cybele (65),

Hermione (121), Sylvia (87), and Camilla (107),

whose mean distances are 3'43, 3'46, 3-49, and 3'56

respectively. Comparing the sidereal period of

Hilda with that of Medusa we find that the former

is performed in 2,868 days (nearly 8 years), while

the latter slightly exceeds three years.

The thickest region of the zone seems to be at a

mean distance of from 2 -600 to 2-800, or 247,000,000

miles, and exactly where, from the analogies of

Bode's law, a planet was wanting. In fact, the void

between Mars and Jupiter, which so forcibly im-

pressed itself upon the old astronomers (and led

them to predict the existence of a planet there), has

been filled up, in a manner unexpected, by a mul-

titude of diminutive orbs, whose numbers seem

illimitable. How long their discovery will go on

unchecked, or how the inevitable confusion of

dealing with such a large number of bodies, and

distinguishing them from each other, will be

avoided, no one can say at present. There will be

considerable difiiculty in predicting their positions

and in verifying them by instrumental observation,

according to the plan followecl at the observatories

of Greenwich and Paris during the last few years.

It does not seem imjirobable that several of the

new planets may be finally lost, unless the national

observatories are able to keep pace with the in-

creasing demand for corrective and corroborative

observations, and apply them to the accurate deter-

mination of the orbital elements in each case.

The orbits of several of the minor planets are

very eccentric—that is to say, they deviate con-

siderably from a circular form. In the case of

Pallas and Juno this is presented in an extreme

degree, the eccentricity amounting to 0-240 and
0-256 respectively, and it is even more striking in

some of the smaller planets of the group. Thus,

for Polyhymnia (33) it amounts to 0-337, and thi.s

is exceeded by ^thra (132), and several others, so

that the orbits are ellipses of different eccentricities,

which must obviously cross each other, and inter-

mingle in the most complicated fashion. Indeed, the

possibility of collision between certain of the minor

planets has been sometimes pointed out, though the

chances of such a catastrophe are lessened by the

fact that they move in a common direction fioni

west to east around the sun, in accordance with

the motions of the major planets of the solar system.

The telescope has hitherto failed to reveal any

markings upon the surfaces of the minor planets,

indeed, these bodies are quite beyond the reach of

such examinations in detail. Moreover, they are

apparently surrounded in nebulous envelopes, which

wholly prevent such investigations, for their discs

are rarely seen with sharply-defined outKnes.

Coupling with this their extremely small dimen-

sions, we can at once appreciate the difficulty of

grappling with the subject. On the assumption

that light is equally reflected from the surfaces of

these bodies, Mr. Stone, in 1867, calculated the

approximate diameters of seventy-one, which he

found to range from 17 to 214 miles. The

smallest was Echo (60). Such exceedingly minute

objects, placed at enormous distances from the

earth, must obviously defy the most rigorous at-

tempts at scrutiny, and we can safely predict, that

until telescopic power is yet further increased,

nothing will be distinguished of the physical aspect

of their surfaces.

Vesta is sometimes seen when near her opposi-

tion to the sun, by the naked eye, shining as a star

of the sixth magnitude, and Ceres and Pallas are

occasionally observed without telescopic aid ; but

as a rule these small bodies are perceptible

only in glasses, and nothing but the finest instru-
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meats will display their planetary character. The

smallest members of the gi'oup are to be identified

from faint stars only by their motion.

The theory of a shattered planet foruieily pro-

jiounded by Dr. Olbers has not received confirma-

tion by the large additions which have been made

to the number of minor planets in recent years, for

on careful investigation, the mutual relations of

their orbits are found to be insufficiently close to

distinctly favour the hypothesis. Indeed, in many
cases the assumption would ajipear to l)e negati\'ed by

the facts, so that the question must still be regardetl

as subjudice amongst astronomers, and it is difficult

to see how it can ever receive a final settlement.

SHAEKS AND STUEGEONS.

rpHE student of zoology is, above all things, the

X student of the History of Animals, and, just as

every historian, he has not only to study the habits

and economy of every group, but he has further to

trace the means by which they have arrived at their

present condition. Two principal methods are

well recognised ; one is the study of Paheontologj^

from which we learn the characters of animals in

the past, the other is the study of Em-
bryology, which shows \is, more or less

distinctly, what are the varied stages

through which any given animal has

passed in the person of his ancestors.

But there is yet another mode which is full of

instruction, and which was indeed for many ages

the only mode in which the history of animals was

ever studied—the method of comparison. For the

2>resent, indeed. Comparative Anatomy is less

fashionable than Palfeontology or Embryology, but

its Talue is never denied, and can never be too

highly estimated ; for the purposes of popular in-

struction it is still unrivalled, for it is not given to

all of us to have been able to trace step by step the

development of even so accessible an object as a

hen's egg, and the study of fossil ]'emains reqiiires

a considerable acquaintance with more recent forms.

This being so, we purpose on the present occasion

to illustrate the history of the vertebrata, or back-

boned animals, by a study of the arrangements

which are found to obtain in some of the more lowly

forms. Knowing the simpler, it will be easier

henceforward to understand the more complex and

more highly developed.

When we look xipon the group of fishes as a

whole, and understand by that term all the different

forms which have ordinai'ily been grouped under it

by the zoologist, we find that there is one, which

may, iji a moment, be comj^letely separated off" from

Bv F. Jeffrey Bell, M.A., F.E.M.S.,

Professor of Comparative Anatomy in King's College, London.

all the rest; this is the Utile l&ncelet {A mjjhioxHS,

Fig. 1), ill which there is no considerable enlarge-

ment of the spinal cord to form a brain, no special

covering of bones to form a brain-case, no ear as in

other vertebrata, and no special modification of part

of the great blood-vessel to form a central heart.

This creature may be briefly said to be acraniate

(without a cranium or brain-case), and be tliereljy

1.—The Laneelet (Amphioxus).

'

at once distinguished from all other Fishes, and all

the rest of the vertebrata, which may be spoken of as

being craniate, or, in familiar language, "skulled."'

Next, among forms ordinarily spoken of as being

fishes, we come to what are popularly known as the

round-mouths—the hag and the lamprey—but these

may be at once set aside in so far as they do

at any rate differ from the fishes proper in having

no jaw-apparatus distinctly developed
;

they are

the " jawless " fishes. Full of instruction as are the

peculiar arrangements of their mouth, it is beyond

the scope of the present paper to enter upon it.

Having, then, disposed of these Acrctnia and

Cyclostomata, we come to the groups which all

zoologists are agreed upon in regarding as fishes.

When we examine them carefully we see that they

fall into two distinct divisions ; in one, the bony

fishes (Tekostei), every imaginable possibility and

alteration of structure seem to have been taken ad-

vantage of; flying fishes, climbing fishes, forms like

the eel, almost limbless, are here developed in almost

endless variety. Among the other group consider-

able differences are apparent enough, but that which

rather strikes the careful observer, who is intent

upon seeing their relations to higher forms, is the
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indication given, now by one, now by another, of

an approximation to that more complex standard

which is familiar enough to all of us in the organi-

sation of the frog.* These we will shortly test in

some detail ; as an introduction we will only say

that among these forms only do we find the fishes

of the earlier epochs of the world's histoiy, and

among them only is it that we see in full distinct-

ness most of the leading points of the vertebrate

characteristics ; the bony fishes lose these as they

gain other advantages. But the sharks, the sturgeons,

and so on proclaim continually their ancient deriva-

tion, and, as evolutionists would say, their closer

affinity to the line of ancestry Avhich, leading through

the frogs, has culminated in the snake, the crocodile,

and the eagle on the one hand, and on the other in

the horse, the whale, and the highest mammals. It

is to this group that Dr. Gunther has applied the

term Paloiiclithyes or Old Fishes.

Before, however, the reader is able to foi'm his

judgment on the statements here made, it will be

necessaiy to put him in possession of a definite

statement of anatomical facts, and for this purpose

we will take the not infrequent Dog-fish (Fig. 2).

The body is elongated, the tail long and better

developed below than above ; the head apj^ears to be

disproportionately large ; behind it is a number of

elongated narrow slits, and just behind these, which

are the gill-slits, there is on eitherside a large flapper-

likefm. When the skin is touched it is found to be

Fig. 2.—Dog-fish.

not soft and slimy, as it is in a number of bony

fishes, but to be roughened with a number of pro-

jecting spinelets ; later on we shall find that these

spinelets are almost exactly similar in character to

the teeth which we shall find in the jaw. On the

ventral surface towards the hinder end there is an

orifice which communicates with different organs

witliin the body.

The elongated form, the sti-ong fins, the powerful

tail are the locomotive organs of this rapacious crea-

ture. The gill-slits have a higher interest than that

* " Science for All," Vol. I., p. 81 ; Vol. III., p. 145.

of mere oi'gans by means of which the water, which

serves as the carrier of oxygen to the blood, escapes

to the exterior, for these slits have in earlier life deli-

cate processes proj ectingfrom them,which ai-e external

gills—organs which, in fact, go to the water instead

of waiting for the water to come to them, and organs,

too, which are to be found in the young tadpole,

and are permanently retained throughout life by
some of the near zoological allies of the frog and

toad. Nor is this all ; in the developing chick,

at about the third day, there are to be seen four

clefts on either side of the throat, bordei'ed o]i

either edge by a j^rojecting fold (visceral fold), of

which, therefoi'e, there come to be five ; the fore-

most fold becomes developed into the jaws, the

foremost cleft forms the passage of the ear ; the

other clefts disappear in the coui'se of development,

but two of the folds have a permanent duty and an

interesting history (Vol. II., p. 197). These we shall

not follow now, if for no other reason than that we
may, by this bare recital, direct more imdivided at-

tention to the remarkable fact that in an animal so

apparently unlike a fish, there are, at an early period

of life, structural arrangements which much more

easily i-emind us of a shark than of a flying air-

breathing bird. Much tlie same genei'al account

might be given of any mammal.

Now we come to the spinelets on the skin, which

we have promised to show as existing also in the

mouth, wliei-e, being larger and better developed,

as well as more regulai-ly ar-

ranged, they have been justly

enough distinguished as teeth :

as the I'esearches of two

workex'S, independent of one

another—the one in Germany

and the other in England

—

h.ave shown, the spmes on the

skin and the teeth in the

mouth, when gi-ound down
and examined, have often

almost exactly the same structure. The mode in

which the diff'erence in external appearance has

been brought about will be best understood by a

reference to a j'oung dog-fish just before its time

of being hatched. The membrane (mucous mem-

brane) lining the mouth is directly continuous with

the outer skin, and as there is as yet no distinct

underlip, it is quite easy to see how absolutely the

two pass one into the other
;
indeed, the diflerence

between them is local, and, from a general point

of view, altogether artificial. Next, then, the

spine-bearing skin is continuous with a mucous



SHAEKS AND STURGEONS. 181

T g. 3.— Lower Jaw of Yoiing Dog-fish.
(AJlci- Tomes.)

Tmembrane bearing spines wliicli would be altogether

.similar were they not a little lai'ger. As the dog-

lish grows the difference in size and number be-

comes more and more marked, but the reason of this

is by no means difficult to understand. We all

know that if we continually carry heavy weights,

if we regularly iise dumb- bells, or if, by any means

whatsoever, we
throw a greater

amount of work on

any pai-t of our

bodies, that part

increases in size

—

witness the arms

of the oarsman,

or the calves of

a pedestrian. The

proximate cause

of this marked in-

crease in size does

not, of course, depend on our using these muscles

more, for all work, all exercise of energy, is in the

first place accompanied by loss of tissue or material

;

but ill the animal world, just as elsewhere—in the

banking or trading world, for exam])le—it is tvwe

that to him that hath shall be given, 'when he

makes use of lohat lie has; in

the one case just as much as in

the other, there comes an in-

crease in the circulation, and

the blood that circulates in the

muscle brings with it a rich

supply of nutriment to the parts

•engaged ; these jwts then grow

or increase in bulk. This can

easily enough be applied to what
happens in the jaw of the dog-tish

(Fig. 3) ; the spinelets inside the

mouth are continually brought

to bear on the food that is taken

in, and they, in consequence of

this, their extra duty, increase

in size, and in time in number,

this history by referring to

ourselves when we chafed our

The teeth and the spines make up the outer

skeleton of the dog-fish. We must now pass to

its internal skeleton. Here we shall have very

shoi'tly to consider the brain-case, the axi;d

skeleton which runs along the middle line of the

back of the body; as to the fins (or limbs) which are

attached at the sides, we must refer to what was

said on the hand (Vol. II., p. 261). All these parts

ai-e bony in most of the vertebrata, but the dog-fish

and its allies are very interesting, because tliey

possess no bone at all. The greater part of every

skeleton is first, in its broad outlines, laid down in

a softer and more elastic material, which is known

as cartilage. This tissue is retained by the sharks

and rays during the whole of their life, and it is

because of this that they are ordinarily known as

cartilaginous fishes. The tissue may, and indeed

does, become hardened and strengthened hj the

deposit on its surface of salts of lime, but it never

becomes converted into true bone.

The skull or brain-case (Fig. -1) can hardly be

said to be a particularly beautiful stiaicture, as

looked on by the uneducated eye. Attached

behind to the vertebral column, it is continued

forward into a more or less j^i'ojecting snout. On
either side there is a large cavity for the eye {Oj>),,

M.l
Mx. 1, rppcr Jaw

Br. 3, 4,

Fig. 4.—Skull of Dog-fish.

Or Eye-cavity; Far-cavity ; H//. 2, Hyoid Arch ;

7, Briinchial Arches.

We may parallel

what hai)pened in

god-mothers' gift of

•coral, with the result of directing to our toothless

gums a greater flow of blood ; and we may link it

with that curious fact that, not till the teeth have
begun to ajipear do the salivary glands at the sides

of the mouth begin to take on their especial func-

tion. As to thesg last, and their rich supply of

I)lood, suflScient has been said in earlier papers

•(Vol. III., p. .306, and Vol. IV., p. 88).

and at this, the optic region, it is narrower than it

is in front. Above tlie eye there is a projecting

ridge, and behind this there is the projecting wall

of the cavity of the ear (Aa). The jaw parts are

—

and this is a most interesting point—very loosely

attached to the brain-case proper. By three chief

ligaments the upper jaw (Mx. 1), which is much

broader beliind than in front, is attached to the

different parts of the In-ain-case. The lower jaw

(J/. 1) is very deep behind, where it is connected

with the upper jaw, and gi-adually narrows as it
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passes forwards. Posteriorly it is loosely attached

to the back of the brain-case by an arrangement of

cartilaginous pieces. Oir the present occasion we

do not intend to take the reader through the details

of the skull-parts ; for the moment it is sufficient to

direct attention to the loose connection that there

is between the brain-case and the jaws.

The significance of all this will be seen in a

moment when we have learnt to know a little of

the cartilaginous arches which support the gills.

To these let us now turn, having first of all stated

that a bar of cartilage joining the back part of the

skull to the lower jaw extends outwards in a

horizontal direction.

Connecting the skull with the jaws is a bar of

oiitwardly-projecting, horizontally-directed cartilage

{Hy. 2). Behind this there lie several bars of car-

tilage {Br.), similarly encrusted externally with a

deposit of carbonate of lime and other salts. These

are jointed and free at their outer end ; at their

inner they are connected with a piece of cartilage,

originally also jointed, which lies in the median

A'entral line. These are the cartilaginous supports

of the gills, and the boundaries of the gill-clefts.

Now comes the question, what relation have

tliese arches to the jaw in front of them and to the

bar of cartilage running from the hinder region of

the skull to the point where the lower and vipper

jaws pass into one another? Well, the relation

is no more important than this—that the first two,

as here considered, have become greatly modified,

while the hinder ones have retained very much
their original relations. The first, or mandihidar

arch, has some s\ich history as this :—Very early

in life it develops an enormous process, which

projects forwards and bounds the mouth on either

side. Then it grows forwai'ds, and becomes not

only gradually connected with its fellow of the

opposite side, but, thanks to the development of

the connecting ligaments, of which we have already

spoken, it comes into a more close relation to the

brain-case. Shortly after this, the arch undergoes

a distinct jointing, and the upper jaw and the

lower jaw cartilages become more distinct ; the

outlines of the upper and lower jaw are, in fine,

already beginning to be filled in. There is here no

need to make matters more difficult by following

the history of the second, or liyoicl, arch; enough

has been said to show that they are parts which

essentially resemble those which follow them in a

serial fashion, and that they only differ by these

characters of increase in size or diminution in ap-

parent importance from those gill-arches which come

after them ; and which have, throughout life, the

not unimportant function of supportuig the pouches

of membrane to which blood is sent directly from

the heart, to undergo the necessary process of

refreshment, by coming into contact with a stream

of water containing a supply of fresh oxygen.

Let us, then, now turn to the cwcidatory system

of the dog-fish. Even those of us whose hearts do

not trouble them know that two

pairs of cavities are to be found

in the heart of man : two cavities,

which receive blood from the body

or from the lungs, and which are

known as auricles ; and two

cavities, which by their contrac-

tion drive this blood to the lungs

or through the body—the ventri-

cles. A pair of each may each

be known as imlmonary, or as

systemic (supplying the general

system of the organism) ; but the

dog-fish has no pulmontvry division

of the heart (Fig. 5). There is

in it only one auricle and or.\j ^^l^^-^f^^^-li-Z^
one ventricle, and these are sys- a, Auricle; b, Artoria:

^ , Cone
J

aaff, Brancliial

temic. One receives the blood onnce of
the Ventricle O )•

from the body, the other drives

the blood, vitiated by contact with the tissues, to

the gills, and thence the blood, refreshed by new
oxygen, goes direct to the general system of the

body. There are certain complications, and there

ai-e, as the figure shows, a number of branchial

arteries, but the consideration of these points is

beyond our present purpose. We shall have a

little more to say about them further on.

Leaving, then, the circulatory, let us pass to the

digestive organs. The general simplicity of these

parts would hardly justify iis in directing esjiecial

attention to them, were it not for the presence in

the gut of a most remarkable and cvirious apparatus,

Fig. 6.—Spiral Valve of Dog-fisli. (After T. J. ParUr.)

by means of which the food is slovved in its pas-

sage, and the nutriment to be gained from it

thereby increased. This curious apparatus has had

applied to it the very ajipropriate name of the

spiral valve (Fig. G).
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In the earthworm* we find a ridge projecting

from the upper wall of the intestine, but it is quite

.straight; in the lamprey this ridge has a wide

spiral course; in the dog-fish and its allies the spire

is much more close. One of these valves is shown

in the adjoining figure (Fig. G). The object of this

arrangement is clear enough ; it prevents the too

rapid passage of the food through the intestine,

and thereby enables the

nutiiment contained in it

: ^ to be more completely ab-

soi-bed. This structure is,

so far as we know, always

found in the fislies which

belong to the same order as

^ the dog-fish ; but it is never
Fig. 7.—Nasal Groove of

.

Scyllium. (After Gegenhaur). found ill the boiiy fislies.

'"''KtVr:N"™o\^^^^^ Among the group towhich the

sturgeons belong, and wliich

in several points indicates that they stand mid-way

between the sharks and rays on the one hand, and the

salmons and the other teleostei on the

other, we find it to be rudimentary in

the gar-pike (^Lepidosteus)—a form of

which we shall have a good deal more

to say hereafter. Only here does

it remain to note that special appen-

dages are connected with the stomach

of the salmon and of its allies, which

may well be regarded as replacing in

function this elaborate and curious

method by which the dog-fish makes

the best of its chances in the way of

nutrition.

Difficulties stand in the way of our dealing in

detail -with the brain and the other organs ; of

one curious point we
must, nevertheless, say

a few words. In all

higher animals the nasal

organs have two orifices

within the mouth, but

this is not the case with

the dog-fish ; in it the

olfactory pit of either

side is blind posteriorly,

so far as an opening into

the mouth is concerned,

but there is a groove

rumiing from the pit to

the angle of the mouth (Fig. 7), and this pit is

covered over by a fold of skin ; in other words,

* •' Science for All," Vol. IV., p. 41.

the nasal groove is superficial. In the dog-fish

this is a permanent arrangement, while in the

chick (Fig. 8) it lasts for a short time only.f

These, then, being the general characteristics

of a dog-fish, let us sum them up in a more

generalised way, so as to make the very best of

the knowledge we have gained. The dog-fish is a

vertebrated animal, with a brain-case, or cranium,

with an internal brain, with a central heart of two

cavities ; with gills, which are only external for

a brief period, but Avhich never have their slits

covered over by any fold of skin or any develop-

ment of harder protecting matter, in which the

original cartilage of the skeleton is never re-

placed by true bone; the cavities of the heart are

systemic.

These may be taken as the general characters

of the dog-fish. Before we compare it with its

own immediate allies, the sharks and the rays,

let lis compare it in its more general structural

arrangements with a sturgeon. Here, the greater

Fig. a—Chick's Head. (After
Balfour and Poster.)

If, Points to the Xasal Pit.

Fig. 9.—Skull of Sturgeon

strength of the outer covering of scales at once

arrests the attention, and that the more when we
know that these scales resemble true bone in struc-

ture ; more than that, some of the scales on the

skull become very definitely arranged (Fig. 9), and

foreshadow, in the most remarkable manner, some

of the cranial bones of the higher vertebrata. This

is, indeed, a very remarkable phenomenon ; we
have hard parts never pre-formed in cartilage

entering into a defence of the brain, just as in

the developing child or chick we have tracts of

membrane becoming osseous plates, and completely

fusing with the parts pre-formed in cartilage to

form that complexly aiTanged box which forms

the adult skull of the man or of the bird. Herein,

just as in some other points, to be immediately

noted, we see the great importance of the know-

ledge of some sturgeon-like fish for the correct

t " Science for All," Vol. II., p. 197.
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understanding of the charticter.s of tlie liigker

forms. Leaving the skull, let us turn to the

girdle -which forms the base of attachment for

the fore-limbs (fins). In ourselves it is easy

enough to distinguish two parts of this, the one

the shoulder-blade (sccqmla), the other the collar-

bone (clavicle). Now, in the dog-fish there is no

representative of the latter bone, but there is such

in the sturgeon ; that it should not be seen in the

dog-fish follows, if the statement be true that in

it there are no parts of the skeleton which are not

of cartilaginous origin, from the fact that the

clavicular bones have no cartilaginous prede-

cessors. That it might be present in the sturgeon

is an easy enough matter to comprehend, the

moment we grasp the fact that ossified parts

from without (from the skin) extend inwards

here, just as well as in the region of the skull,

to take their j^art in the formation of an internal

skeleton.

Before leaving this part we find that there is still

another lesson which we can learn. If we are right,

when tracing the pedigree of vertebrate animals, to

regard those forms as the older which present the

more simple arra.ngements of their j^arts, it will

follow that the shark is an older form than the

sturgeon
;
next, if the history of the development

of an individual presents \is with anything like an

account of that order in which " fresh parts were de-

veloped in its ancestors," we should naturally expect

to find that order followed in development which

most naturalists believe to have been followed in the

past. But this is not always so, and it is not hard

to find the reason ; the development of the indi-

vidual is a " compressed history," and parts may still

be sluggish in coming forward, while others seem to

come more and more to the front. The shell of the

mussel must have been acquired late in its time-

history ; but it is an important and characteristic

structure, and in the development of some indi-

viduals, at any rate, it appears very much before

tlie time at which we might expect it. Just the very

same thing happens with the clavicle in man, for it

is well known to be the first of all the bones of the

body to begin to ossify. This is one example of the

many which could be adduced which show that the

course of tracing out life-histories reqiiires very

patient study, while, even by itself, it is an eloquent

protest against the neglect of the comparative

method—one of the most fertile and perhaps the

most judicious and least dangerous of all the im-

jilements of our studies.

When we look for the gill-clefts of the stui'geon

we do not find that they are patent, as in the dog-
fish, but that they are covered over by a bony
plate {operculum) ; this is a character by which the
sturgeon and its allies resemble the bojiy fishes, and
is, so far, a point by which they indicate theii-

divergence from the general line leading up to the-

frog ; some of them seem, however, to be provided
in their very early stages with external gills, which
are organs that the bony fishes never seem to have.

Why we judge this to be a jnscine character, and
why we judge that towhicli we now turn as having

a general vertebrate bearmg, is again an example of

the value of comparison. Till we come to the liver

in the dog-fish we do not find any jji-ocess given off

from any part of the intestmal tract, but this is

not the case with the sturgeon ; from its gullet (or

rather stomach) thei^e is given off on the upper
surface a duct which passes into a lai-ger air-bladder

which lies underneath the spinal column. Indica-

tions of this duct are seen in some of the sharks,

but their very rudimentary outgrowth never be-

comes an air-bladder. In the bony fishes, on the

other hand, a few only—such as the salmon, for

example, have an air-duct ; most have only the

bladder, without any duct at all ; the bladder is a

mere closed sac ; while others, again, have lost even

the bladder, though their most immediate allies still

retain it.

Interesting, then, as this organ is from the fact

that even within the group of fishes we may see it

appear in rudiment, become well developed, and yet

still within the limits of that class disappear again,

we are very far from having got to an end of its

history. Leaving aside the great variations which

it may exhibit in its form among the bony fishes,

let us trace it further in its changes in the sturgeon's

allies ; but before we do that we shall, just to

render matters a little simpler in explanation, look

at ourselves. As all know, there opens into the top

of the gullet, in man and all mammals, in birds and

in all reptiles, a tube of varying length, situated

ventrally to the gullet, which communicates with the

two large air-sacs which we know familiarly as the

lungs.

Now to trace the steps of the change. If we

could watch, as the more fortunate American olj-

servers can do, the bony-pike (Lepidosteus), a close

ally of the sturgeon, Ave should probably see just

what ProfessorBurt Wilder saw :—" While watching

the living gar, whether old or young, one of the

first things noted is that it not only remains usually-

near the surface, but, at short intervals, actually

protrudes the head from the water. In so doing,
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it turns partly over upon one side, emits a large

bubble of air, executes a slight gulpiiig movement

of the jaws and throat, and sinks again below the

surface
;

immediately afterwards a few smaller

bubbles escape from the gill-slit on each side of

the neck." Led by this, the writer of the above

examined another form

—

Auiia—in which he quite

distinctly saw what he took to be a gulping ia of

air. This kind of thing is, of course, common

•enough with tadpoles at a certain age, which, as we

know, gradually lose their gills and become provided

v/ith true lungs. When we examine the air-

bladder of a Lepidosteus or an Amin, and compare

it with what we find in the stui'geon, do we note

any advance towards a lung in the structure of this

part 1 The sac of the sturgeon is simple and its

walls are not especially well provided with blood
;

u lung is always more or less broken up into smaller

«acs, and its walls are very rich in blood. So it is

with the two American sturgeon-like forms, and so

it is with some of their allies. Two difficulties only

remain ; the lungs are double and are on the ventral

surface ; the sac of Amia is single, and is placed

dorsally to the intestinal tract. Can a knowledge

of any other forms fill up these two spaces in the

sequence 1 Surely so; for the sac of Lepidosteus (the

^ar pike) though single externally, is internally

<livided into two longitudinal halves; the Aiistralian

Ceratodus, with a single dorsal sac, has the duct to

the left of the ventral surface : the African form,

Fobjpterus, has the sac double, and the duct opening

into the middle line of the ventral surface of the

gullet. Here, then, owv difficulties seem to have

vanished, but they have not quite ; one important

point remains to be noted. In describing the heart

of the dog-fish we stated that it consisted of but

two cavities, that the blood from the ventricle went

to the gills, and thence to the body, no special

^essel returning blood from the organs of respira-

tion dii'ectly to the heart, any more than in the

gill-bearing tadpole
;
but, just as in this last, pul-

monary vessels become connected with the lung, as

development proceeds, so is it necessary for us to

complete our links in the chain of evidence by

finding some aniiual in which, while gills are present,

special vessels supply the air-sac and return the

aei-ated blood at once to the heart ; this is not

the case in Pohjpterus. Fortunately for our demon-

.stration, an animal is at hand in the curious mud-
fish of West Africa {Protopterus) and in the allied

East American (South America) form Lepidosiren.

In these remarkable fishes, the interest in which

will yet for long continue, one of the vessels which
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goes to the gills gives ofi" a branch which goes direct

to the air-sac, and from the sac pulmonary vessels

return direct to a portion of the here almost double

auricle, which is set apart for the reception of their

contents.

The I'eader will now be able to understand the

general meaning of that difficult word homology

;

we will leave him to work it out for himself, and

only say that while homology is a])plied to parts

which have the same structure and histoiy, the

word analogy is applied to parts which have the

same functions ; thus the air-bladder of the

sturgeon and the lung of a man ai'e homologous

organs, while the wing of a bee and the wing of

a bat are analogous parts.

Other details in structure must be passed over

;

enough has perhaps been already put into the limits

of a single essay, but what has been said will very

largely have been said in vaiji. if it shall not have

shown how unity underlies diversity, and how
these indications of the affinities of one animal to

another are of the deepest and most abiding interest.

We may well apply to them the words of an

eloquent writer and distinguished embryologist, and

say that they are " for the sake of those who can

study and learn about natiu-e."

It now becomes our duty to generalise a little

what we have learnt. The dog-fish and the stur-

geon have been taken as the types of two great

divisions of the Fahi'ichthyes—the Elasmobi'anchii

(or pouch-gills), and the Ganoidei (or fishes with

shining scales). Of these, the former is still richly

rei)resented in our seas ; the latter is abundant in

the earlier deposits of the earth, but, if we may
speculate, has, in its tendency to become more iish-

like, become gradually replaced by the characteristic

Ijony fishes. Like many races of dying-out animals,

it is now mainly confined to fresh water, and is found

principally in the rivers of Russia, Africa (Nile),

and North America. The forms of the Ganoids

that now remain alive differ very considerably fi'om

one another ; Avithout including with them the

Ceratodus of Australian rivers, or the mud-fish of

which we have already spoken, we find that the

seven genera now recogiiised as existing belong to

four different sub-orders, each characterised by very

well-marked differences. These we need not insist

on, otherwise we could easily show that within

the limits of this order the differences exhibited

by different meiubers are far from being slight.

Did we add in the characters of the three sub-

orders now extinct, we should have to deal with

an eminently diversified series of forms. Thus is it
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true that, given certain characters, animals may
and do vary most widely one from the other.

Turning to the Elasmobranchs, we find two

very sharply-marked sub-orders ; one contains the

C/iimct'ra—perhaps the most hitleoiis of all fish

—

and that sub-order has the technical name of Holo-

cep/iali. It is distinguished by a very important

cliaracteristic—the fact, viz. , that there is no hinder

bar of bone—hyoid-arch—-coniiecting the skull

with the jaws, in the way we have already ob-

served in the dog-fish. Here the jaws and the

skull are directly connected. This is a very rare

arrangement among fishes, but it is a very common
one, and indeed the only one, in all forms of higher

vertebrata. The possession of this arrangement,

tiien, in Chimaira must always be carefully borne

in mind when we try to fix its relations to other

farms, and the retention of this arrangement here

shows us that we must always insist on carefully

comparing every form on ^^•hich we can lay our

hands
]
for, so surely as we do so, so surely shall we

again and again be I'ewarded by finding in some

unexpected place a character which, lost or obscured

for a time, re-appears in an cmj.hatic way in some-

very distant members of the rac.-. The other sub-

oi-der has the technical name of the Playioitomi,.

and is that which contains the sharks and the rays.

These may be at once distinguished from one

another by the position of the gill-clefts, which arc-

placed at the sides in the former (as in the dog-fish),

and on the ventral surface in the latter. Among
these last we find the saw-fish (Prisfis), with its

long projecting snout, armed on either side with

a row of strong " processes. " These are ordinarily

known as teeth, but teeth they are not, inasmuch

as they are not within the mouth ; but teeth they

maj' be called, if only we remember the fact upon

which we have already insisted in detail, that the

teeth ai'e, after all, nothing more than external

spines specially modified to serve a particvilar

purpose in the economy of digestion. Thi\s are v.-e

brought almost to what we said at the beginning
;

but, more than that, we are Virought back to the

reflection that careful comparison of the wondrous

unity of plan shows, even in external unlikeness,

the close resemblance in all essential points.

FLTJORESCENCE.

By "William Ackhoyd, F.I.C., etc.

fnHERE are some appearances in natiire wliicli

-L require particular looking for before one can

find them, while others are so apparent that every-

body may see them without the least trouble of any

fcort. To the latter class belong the phenomena of

phos])horescence, which were dealt with in a former

paper ; for no one with eyesiglit ever experienced

any difficulty in seeing the spark of the glow-worm,

the mild light of decaying wood, or the faint

liiminosity of certain sulphides."' There is a class

of appearajices, however, very neai-ly related, if not

identical with phosphorescence, which may escape

one's attention if they are not pointed out. It is

related of Faraday that npon one occasion a scien-

tific friend was about to show him an experiment,

when the great philosopher requested in the first

place to be told what he had to look for ; and in

the study of flttorescenc^ one must decidedly know
what to look for, or else run the risk of not seeing

it. The reader has doubtless seen paraffin-oil

many a time, and has perhaps filled his lamp with

it, yet it is very probable that he never saw any-

* " Soituice for All," Vol. IV.. pp. 47-53.

thing peculiar in it, but if the phenomenon had

been pointed out to him he would have seen its

fluorescence.

We can perhaps best leai-n what this fluorescence

is like by comparing a couple of solutions, one

fluorescent and the other not. A solution of the

aniline dye magenta is not fluorescent ; therefore

dissolve a few grains of it in water, and examine

the coloured solution in every available position

with regard to the light. It will then be found

that it appears of the same tint always, no matter

whatever direction the light enters into it. Thi.s

is not, however, the case with a fluorescent solution.

There is a substance called "fluorescein," which

may next be dissolved and compared with the

magenta solution. It is a red crystalline powder,

almost insoluble in water, but readily dissolving in

water containing ammonia. Like ordinary wood,

it consists of the three elements carbon, hydrogen,

and oxygen, its composition being represented by

the chemical formula

—

OH - CO-C„H,{0TT)---^Q -
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Pig. I.—An Experiment in
Fluorescence.

Its solution is fluorescent ; therefore add a few

•drops of ammonia to a glassful of Avater, anrl then

(h'op into it as much fluorescein as will cover the

tip of a pea-knife blade (Fig. 1). The beanty of

tlie plienomenon wliich

then presents itself is

quite surprising. A
little brown patch is

seen on the surface of

tlie water where the

powder has dropped,

and from this a great

many brilliant green

stems shoot down into

the water. If all the

fluorescein in the de-

scending shafts be not

dissolved before the bot-

tom of the tumbler is

reached, there appears at the end of each of them

-a yellowisli-bi'own ring. The phenomenon is not

^uilike the sudden birth of a number of marvel-

lously beautiful aquatic plants, or of a fairy-like

JVIedusa sending down its tentacles like green

-snakes, and for this alone the experiment is Avell

worth trying. It is, liowever, only a view by the

way, noted just as the passing traveller would

note the beauties of wood and dale on Iiis journey

to a certain town ; and all this beauty within the

tumbler must now be ruthlessly destroyed by

.stirring up the solution.

The solution now seems uniformly coloured

throughout of that lovely green which was observed

in the descend-

ing filaments,

but if the glass

be held up before

the window (a.

Fig. 2), so that

light may fi.ih

straight thi-ough

it on its way lo

the eye, then,

instead of the

green colour, one

observes a sort

of i)ale orange,

and this is what

one might term

the real colour of the fluorescein solution, just as pink

is the real colour of a weak magenta solution. How
comes it, then, that the fluorescein solution has not

this faint orange tint in every position vvith regard

ftp! i-

2.—How to see Fluorescence, and liow
not to see it.

Fig. 3.—The so-called Surface
Dispersion.

to the light 1 The answer is, because the solution

is a fluorescent one, and the bright green cijlour

you observe is its fluorescence, a faint light whieh

it is emitting while under the influence of the

sun's rays.

Bring the glass of fluorescein solution just undi;r

the bottom of the window, and place a black-backed

book behind it, so that light cannot pass horizon-

tally through it, but has to proceed downwards, as

at h, Fig. 2. A curious phenomenon will now be

observed, which is a distinct mark of fluorescence.

Tlie green light now, instead of being apparently

diffused throughout the whole liquid, looks as if it

were nearly, if not entirely, confined to a t]ii)i

layer at the ujtper surface, so that the observer

with his eye at p, Fig. 3, sees quite a green surface-

stratum of light at a.

iSTovv this is peculiar,

Ijecauseupon bringing

the glass of magenta

solution into tlie same

position luider the

window bottom, and

looking at it in pre-

cisely the same way,

nothing extraordinary is noticed, the weak mngenta

solution appearing of the same pink in the middle

as it does at the surface. And any other solution

in the same position, and not fluorescent, would

behave like the magenta solution, i.e., have a

uniform colour throughout.

In the same way one may contrast paraflin-oil

a.'ad water. The latter, in whatever position you

hold it, appears colourless^ and the oil is nearly

colourless, but in certain aspects it ajapears as if

tinged with blue. Pour the oil into a clean tumbler,

and examine it as in Fig. 2. In position a, with

light coming thi'ough it to the eye, the oil appears

decidedly yellowish ; but in position without

the black book at back, one sees a deep blue surface

stratum. The paraffin-oil evidently mildly shines

with a deep blue fluorescence.

It will be clearly seen now what one has to look

for in observing fluorescence. We have as yet,

however, said nothing about the inner nature of

the 2)henomenon, how it is started, and how it is

kept on. It is a question of the action of ether

waves on the atoms of substances. The reader

will liave no difliculty in imagining that these ether

waves * may move the atoms, and shake or make
them vibrate, as the ripples of a pond shake the

reeds on its banks ; but he has further to imagine

* "Science for All," Vol. I., p. 190.
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that jiist as it would be possible for tliese shaking

reeds to originate new ripples, so is it possible for

the vibrating atoms to originate new ether waves,

or, in other words, to become sources of liglit. Thus,

then, a modern physicist thmks this matter out :

—

A fluorescent substance, like most other substances,

absorbs more or less of the radiations proceeding

from the sun, whether they be visible to us, like

light, or invisible, like the rays beyond each end of

the spectrum. And wherever this takes place

work of some sort is done. If the very short wave

radiations which have their place beyond the violet

portion of the spectrum be absorbed, we may have

chemical action, as in the change wrought in com-

pounds of silver, which is utilised for photographic

jiurposes ; the absorption of other rays may give

rise to the movements of the radiometer vanes ; or,

what is more to the point, this absorption may
give rise to the light emitted by such substances as

Balmain's luminous paint. In this phosphorescent

substance light is first absorbed ; the motion of

cei-tain ether waves is stopped by being imparted

to the minute, yet comparatively ponderous, atoms

of the phosphorescent powder, and the swinging-

atoms become a fresh source of agitation to the

ether, the j^owder thus becoming an independent

source of light. Even so is it in fluorescence.

Ravs are fii'st absorbed, and the atoms of the sub-

stance which are made to jshake become a source of

other I'ays quite difl'erent. Stokes gives the follow-

ing illustration of what he supposes to take place

in this phenomenon of fluorescence :
— " Suppose,"

he remarks, "you had a number of

shijjs at rest on an ocean perfectly calm.

Snj)posing now a series of waves, with-

out any wind, were propagated from

a storm at a distance along the ocean :

they woiild agitate the ships, which

would move backwards and forwards
;

but the time of swing of the shi[)

would depend on its natural oscilla-

tion, and would not necessarily syn-

chronise with the periodic time of the

waves which agitated the ship in the

first instance. The ship, being thus

thrown into a state of agitation, would itself

become a centre of agitation, and would produce

waves, which would be propagated from it in all

directions. This I conceive to be a rough dyna-

mical illustration of what takes place in this actual

phenomenon, namely, that the incidence of etherial

waves causes a certain agitation in the ultimate

molecules (or atoms) of the body, and causes them

to be in their turn centres of agitation to the

ether.'' In short, the atoms of a fluorescent sub-

stance are agitated by the waves of the ocean of
ether which surrounds them, these waves proceed-

ing from some distant storm centre (a flame) where

"The flaring atoms stream, ruining along,

Clash together to form another and another state of things."

And these atoms of the fluorescent substance we
have spoken of, in oscillating to and fro, like the

sliips, originate fresh ether waves, and thus pro-

dace the fluorescent light we ha^-e been studying.

Now this is a very efficient theory, for it will

explain all we know of fluorescence, and we may as

well now see how the vai-ious facts adapt themselves,

to it. The medicine quinine, Avhen dissolved ia

water to which a little oil of A'itriol has been added,

shows a beautiful blue fluorescence. If now we-

})roject on to a screen the spectrum of the sun by

means of a quartz prism, we shall obtain a I'ainbow

riljbon of colour extending from red to violet, and

beyond the red there will be projected rays of

longer wave length, quite invisible, and remark-

able for their warming power, Avhile beyond the

violet there will be projected rays also invisible

and of very short wave length, remarkable for

their photographic action (Eig. 4). In this latter

dark portion of the spectrum place the solution

of quinine : it immediately shines with its blue

fluorescent light. Now, according to theory the

ultra-violet i-ays have been partly absorbed, the

quinine atoms set vibrating, and raj s of different

Fig. 4.—Fluorescence produced by Invisible Eays.

wave length have been originated. This thoroughly

acco'-ds with experiment, for the latter fact is.

evident to the senses alone, inasmuch as invisible

idtra-violet rays have, after entering the quinine,

given rise to visible rays of light ; and you will

find that after a sunbeam has passed thi'ough such

a solution of quinine it is no longer able to pro-

duce fluorescence in a second solution of tlie same^
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substance, for the rays which produce the effect have

been absorbed by the first sokition. This enables

us to explain the surface liglit of fluorescent solu-

tions which is seen under such circumstances as we

liave described. When the light comes through

til 3 window down into the fluorescent solution, the

rays whic'a [)roduce fluorescence are absorbed befoi'e

tliey have proceeded far into the liquid; hence, deep

down next to no fluorescence is produced, while at

the surface a stratum of liquid, varying in thick-

ness with the strength of the solution, shines very

markedly with the fluorescent light.

When the phenomenon of fluorescence began

first to attract attention, it was supposed that it

was someliow due to dispersion of the light falling

on the substance, and it was named by Sir John

TIerschel ejnpolic or surface dispersion, while Sir

David Brewster called it internal dispersion. The

idea underlying these hypotheses of dispersion

seems to have been this : that particles were sus-

pended in the fluorescent media of such a size that

they could' reflect certain light rays, and thus give

lise to what we now term fluorescence. It has

long been known, however, tliat when light is

reflected from particles in this way it becomes

polarised,* that is, it suffers such a change that if

you examine it with a Nicol's prism which is kept

rotating on its axis there ought to be alternate

briglitening and darkening of it—as great a

difference, in fact, as that presented by a still sheet

of water in sunshine and the same expanse when
overhung by sombre clouds. But in some of

the examples of fluorescence that were examined

there was not this alternate brightening and

darkening : in. other words^ the light was not due to

reflection such as they supposed. This absence of

polai'isation in fluorescent light again accords with

Stokes's theory, for being generated quite newly,

like the light of a candle, one would not expect it

to be polarised. It will thus be seen that the

theory is perfect so far as our present knowledge

goes, for it serves to explain all the facts we know

about fluorescence ; but it will be apparent, from the

remarks made when discussing i)lios})horescence,"|"

that these two phenomena of fluorescence and

phosphorescence are both alike so far as the excit-

ing cause is concerned, and the question will have

arisen, In what do they differ 1 Probably the main

point of difierence is that which distinguishes an

hour from a year or a second from a day : in other

words, a difierence of duration ; for while in the

case of phosphorescence the effect may last for

hours, as in the sulphide of barium, the time

fluorescence lasts is too shoi't to be ascertained.

There are very many substances which exhibit

fluorescence, and we may conclude this paper with

just mentioning one or two. The mineral flu or

spar is remarkable for its fluorescence, the puriilish

variety emitting a deep blue light when under the

influence of the sun's rays. It was the study of

the appearance presented by this mineral which led

to the naming of the phenomenon, the word fluor-

escence being derived from ^^<to?- spar, and referring

to the blue light of the spar, just as opalescence is

derived from opal, and refers to its milky appear-

ance. The retina furnishes another remarkable

case of fluorescence. It has been made out by

Helmlioltz and others that when a retina is

examined in the iiltra-violet light it has a bluish

fluorescence, and according to Kiihne and Ewald it

alters its fluorescence to green after being bleacheil.

The bark of the horse-chestnut contains two-

fluorescent substances, fraxin and esculin, so that

if you float a piece of the bark in a glass of water to

which a few drops of ammonia have been added,

descending streams of the fluorescent light soon

make their appearance. The dyewai-es fustic, cam-

wood, and turmeric also furnish fluorescent solu-

tions by jiroper treatment, the first in a solution

of alum and the second and third in castor-oil.

THE SILKWOEM DISEASE.
By Alhert Brydges Farn.

ONE hears now-a-days, and on all sides, that

" silks " are not so good as they used to be,

that they do not "wear so long," and that there

is a lack of substance in them. Silks that would
" stand alone " seem to be things of the past. This

* " Science for All," Vol. I., p. 197, and Vol. II., p. 355.

deterioration being important, both from an econo-

mical and a scientific point of view, some inquiry

into its principal cause may be interesting. The
main cause of this loss of virtue in " silks " is,

doubtless, the disease among the silkworms. Not

t "Science for All," Vol. IV., p. 53.
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1.

—

Bomli'j^c inori (Male).

only has this disease weakened the silk-producing

powers of the " worms " themselves, but by slow

degrees it seems to luive exterminated those species

which produced the finest qviality of silk : the

species, in fact,

which formerly

were constantly

reared in Europe,

and which pro-

duced the mate-

lial for those

fabrics the dis-

appearance of which is so much regretted by the

ladies. It has been generally thought by those

Avho have not studied the natural history of

silkworms that silk, such as is usually worn, is

the production of but one species ; bvit in reality

several closely - allied species have, from time

immemorial, been pressed into the service. Fig. 1

gives a fair general idea of the moth of the

silk-producing species now under discussion. The

notion above alluded to vrould be quickly dispelled if

comparison were made between the cocoon spun by

the species which used to be reared in Italy with

the cocoon the j^roduct of the species nov/ generally

reared, and which is imported from Japan, though

this latter must not be confounded with the

" Japanese silkworm," which is an entirely dif-

ferent species. The cocoon from which used to be

wound the strong rich Italian silk, so highly jii'ized,

was long, the circumference largest in the middle,

becoming shuttle-shaped as unreeled, and of a fine

lustrous amber or white ; while that wliich has to

do duty at the present day is much smaller, of a

double-lobed ap|)ear-

ance (the circumfer-

ence not largest at

the middle), not so

lustrous in appear-

ance, and of a pale

greenish straw colour.

The former yielded

not only a much
greater quantity of silk, but tlie quality of the silk

was much sti'onger, so that a fewer number of

cocoons, when wound together, were required to

make a silken thread. The accompanying illus-

trations (Figs. 2 and 3) show the difference of shape.

The nature of the disease which has caused the

extermination of the best silk-producing woi'ms,

and which threatens the total extinction of the silk

industries—unless, indeed, either prompt measures

betaken to combat the disease itself, or fresh species

rig. 2 Cocoou contracted towards
Middle.

Fig. 3.—Oval Cocoon of B. mori.

In

of silk-producing woims are brought within reason-

able control and cultivation—may be best under-

stood by giving a brief account of its origin and

jjrogress.

M. Pasteur was commissioned Ijy the French

Government to inquire into the natui'e of the

disease, and unlimited resources were jilaced at

his disposal, so that the results of his study should

be worthy at once of the nation and of the man.

To this exhaustive report the writer is largely in-

debted, not

only for the

p r i nc ipal

facts in this

paper, but

for guidance

in carrying

out many
experiments

in confirmation of the theory there cxjiounded.

France, in 184:9, after an unusually abundant crop

of silk in the previous year, it was observed that in

many districts, without apj^reciable cause, whole

broods of silkworms had perished. The following

year there were even greater losses, and in fresh

localities, and still no definite reason could be given

for these disasters. The evil increased during the

three or four following years, but, in spite of it,

silkworm rearing was so profitable that an increased

number of rearers each year engaged in the busi-

ness, so that the net result in cocoons grew steadily

larger and larger. In 1853 there was a greater

weight of cocoons raised in France than had ever

been produced, and the yield of that year has never

been equalled. The success of 1849 had stimulated

an industry which had not till then attained large

proi^ortions, viz., that of raising silkworms, not for

the silk they will produce, but for the eggs, techni-

cally called " seed," which are deposited by the

female moths (Fig. 4). Strange as it may seem, it

is nevertheless true, that an increased quantity

of " seed " did not j^roduce a relatively increased

quantity of silk. One industiy strangled the

other. In days now long past, the silkworm

rearer reserved certain of the finest cocoons which

had been spun by his worms, so as to breed from

the moths wdiich would emerge. It is evident that

the healthier the silkworm, the finer and heavier

the cocoon it will produce, so the finest cocoons were

devoted each year to the perpetuation of the breed

during the next season. Fi'om healthy silkworms we

may expect healthy moths, and from healthy moths

healthy seed. And so in times prior to the origin
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of the " seed trade," each silk\yorui rearer knew

the antecedents of the objects of his culture, because

he had himself reared the parent moths. Among
silkworms, as among human beings, there is always

Fig. 4.

—

Bomhyx movi (Female) depositing Eggs or " Seed."

disease of an uncertain amount, and the " rearer

for silk " (as opposed to the " rearer for grain ")

knew that unless his worms were kept as much as

possible under healthy conditions, small would be

the amount of silk they would iJi'oduce for his

benefit ; because if he allowed unhealthy conditions

to continue, disease, which might till then be

latent, would soon manifest itself u\ a disastrous

fashion. Most of us have a great opinion of the

unknown, and doubtless this feeling induced cer-

tain rearers to try seed produced from silk moths

of a foreign origin. Now, whether the home-pro-

duced silkworms had from too close inter-breeding

to some extent deteriorated, it seems pretty certain

•"hat the trial of seed from a fresh source resulted

in very favourable crops. This, of course, increased

the desire for fresh seed, and thus augmented the

demands made upon those who reared for seed

only. And from this time we may trace an ever-

increasing mortality among the silkworms, a

mortalitj^ as we shall presently see, intimately

connected with the trade of the egg-rearer. Year
after year the praises of foreign seed were sung

by the fortunate silk raisers, but there was this

curious circumstance attached : that the foreign seed

the success of which was thus vaunted, was always

from some newly opened-up district. One such

district after another api)eared, meteor-like, as a

real Eldorado for a year or two, then simk to rise

no more, and to be lemembered not so much for

the success which had at first attended the im-

portation of its seed, as for the dire misfortune it

had subsequently brought on the silk industry.

The following facts bear out this assertion.

In 1853 seed imported mto Finance from Italy

produced an abundant crop of silk, bui the disease

invaded Lombardy, and in 18.54 there were many
failures in Fi'ance from Italian seed ; these losse.'i

were more numerous in 1855, and in the following

year there was an almost total failure. Spain

having experienced a similar misfortune, it became

necessary for the seed merchants to go farther

afield. During these first years of success the

unhappy silk rearers had become infatuated with

these foreign eggs, and had neglected to reserve

any cocoons of their own rearing for seed, as they

had formerly been accustomed to do. For not only

did this foreign seed promise remarkable success,

but the silk-rearer could utilise the silk of every

cocoon his worms produced, as he no longer losi

the silk of cocoons which were formerly kept to-

produce moths. They thus found, when too late,

that they had left for themselves no retreat

;

they were altogether dej^endent ujion the importa-

tion of foreign eggs for their silk crop. When, as

we have seen, the seed merchants had to seek " fresh

woods and pastures new," they went to the isles of

the Archipelago, to Greece, and to Turkey. As
usual, new districts yielded seeil of remarkable

jxirity, and once more the hopes of the silk rearers

were raised, but only to be again disappointed,

for in 1859 and 1860 the disease decimated

the silkworms destined for seed in Turkey.

Once more, the seed merchants went farther away
into the Levant. Syria, the Caucasian provinces,

Wallachia, and Moldavia were consecutively dra.wii

\il)on for seed, and in tux-n abandoned as they became

invaded by the disease. In 1864 all the seed-

producing countries of Europe and part of those of

Asia produced nothing but infected seed. The

extreme East and Japan alone remained. We have

seen how this disease dogged the footsteps of tlie

seed merchant ; and it will be observed that the

interests of the silk rearer and those of die seed

rearer, although at first sight apparently almost

identical, are in realit}^ Avidely diflferent. We
all know that certain diseases of human beings

may for a long period pass almost iinlieeded,

until some outburst of unusual ^drulence and

magnitude creates alarm. Furthermore, we know
that such an outburst is almost sure to be traced

to certain unhealthy conditions Avhich have been

allowed to accumulate. Isolated cases of disease may
occur and seem to defy our greatest vigilance, but it

is in places where unsanitary arrangements—over-

crowding, insufiicient drainage, and impure water

—

are permitted that disease is rife. And similar con-

ditions—overcrowding, insufficient ventilation, and
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overcrowding, the discoveries of M. Pasteur iu his

inquiries into the nature of this disease must be

explained. The diseased worms exliibit on their

skins small black spots, as though they had been

peppered ; hence the technical name of " j^ebrine,"

or " pepper-disease," as it is called in the south of

France (Fig. 5). These spots, when magnihed, are

found to be surrounded by a yellow tint. The spots

are symptoms of a constitutional disturbance in the

worm, just as we see blotches on people who are

suffering from some internal derangement. If the

tissues of a worm having these spots be examined

under a microscope, small, shining, oval, bodies

-—corpuscles—may be observed. These are parasitic

bodies which, producing internal derangement of the

worms, are the cause of the spots on the skin, and

the death of the worm. If we smear some of these
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the like—produce similar results among silkv\

While the silk and the seed rearing were und

same person's control, sanitary conditions

studied, because neglect on this head brought

punishment in its train ; but when they b

.separate industries, the utmost cave of th

rearer could but pai'tially counterbalanc(

neglect on the part of the seed rearer.

But why, it may be asked, should the

neglect on the part of the seed rearer 1

answer is this: the "trade in seed" was a

lucrative one, and the sole object of the seed

chant was to be able to sell as much s(

possible. To do this he would raise in a re

bouse three or four times as many silkwor:

the space would permit—due regard being 1

prevent overcrowding. It was this overc

ing that intensified the disease, and when,

as will be shown, the disease is at once

contagious and hereditary, ifc may readily

be conceived what dire consequences would
i

Accrue when silkworms were thus crowded

together. Again, the seed merchant

had learnt from experience that the

length of his stay in any one district would not

•exceed three years, so that he would not go to the

expense of building properly-constructed rearing-

houses. Besides, they bought xip, right and left,

all the cocoons which they could^ and the natives

of the district soon found that they obtained a

better price for their cocoons by selling them to

the seed mei'chant than they would for the silk if

they went to the trouble and expense of reeling it.

Thus the greed of the seed merchant was coramuni-

oated to the natives, and they vied, one with the

othei', who should produce the largest number of

cocoons, not for their silk, but for the moths which

would emerge, and which would produce the seed

for the merchant. It is manifest that the tempta-

tion was great to the seed merchant to rear two or

three times the number of woi'ms that his space

would propei-ly admit of, because they would produce

a corresponding increment of seed ; and if that seed

should in the silk rearer's hands turn out badly,

the seed merchant, having been already paid for

his seed, could view with equanimity a failure

which did not touch his pocket. It will thus at

once be seen that the separation into two industi-ies

—silk rearing and seed rearing—of that which

had been formerly considered but one, must be

looked upon as a prime factor in the disasters which

we have desciibed.

Rightly to gauge the magnitude of this evil of

Fig. 5.—Silkworm affected with "Pebrine."

corpuscles on the food of a healthy worm we convey

to it the disease. Many of these parasites pass with

the dejecta (known to entomologists as " frass ") out

of diseased worms, and, falling on the leaves on which

perchance healthy worms are also feeding, infect

them. This demonstrates the infectiousness of the

disease, though it is but one way in which

the plague may be communicated. "Worms, either

healthy or diseased, crawl over this frass, and smear

their front legs (pro-legs), to which certain of these

corpuscles adhere. The worms then crawl the one

over the other, and it often happens that the pro-

legs, which have sharp terminations, puncture the

skin of worms which are healthy, leaving in the

wounds thus inflicted one or more of the adherent

corpuscles. A healthy woi'm undergoing this

operation becomes inoculated with the disease,

just as small-pox was inoculated in days gone

by, or as is vaccinia, or cow-pox, at the present

time. We may test this statement by inserting

with a fine needle some of the corpuscles under

the skin of a healthy worm. The disease may
be communicated in yet another way. The

frass, when it and the corpuscles have become

dried, forms an impalpable dust, which may
be blown direct on to food destined for healthy

worms, or it may fall on the clothes of an

attendant on healthy worms, who will thus quite

unwittingly convey the disease to his charges.



THE SILKWORM DISEASE. 193

111 this way disease was, on one occasion at least,

conveyed to hitherto healtliy worms, wliich had

Leen carefully fed and most ligoronsly supervised,

until one day a person who had been rearing iu-

i'ected worms by chance brought them food, and

unknowingly brought with him the dust from an

infected rearing-house. If, as has been proved,

the infected dust of one maynanerie (reariug-house)

remembered that every facility is given to the dis-

semination of the dust throughout the rearing-

houso by the necessity of the thorough ventilation

requii'ed in the building. Anyone current of air may
scatter death among the worms. We see, therefore,

how highly contagious is the disease. But beyond

this, it is also liereditary. Supposing a healthy

worm has become infected oidy when nearly full-

Fig. 6.—Maosankkie, oa Kearing-ho'jse.

may be conveyed to, and produce the disease in,

the woruis of another magnanerie, it may readily

be conceived, by a glance at the accompanying

illustration (Fig. 6) of the interior of a rearing-

]iouse, that it is almost an impossibility that any

silkworms can long continue healthy, if ijebrine"

has once shown itself in the house. Certain worms

may escape infection from leaves defiled by " frass
"

of infected worms, or even from inoculation by punc-

tures from the frass-besmeared prolegs of its neigh-

bours, but that they should escape the disease

borne to them by every breath of air, in the form

of the almost impalpable dust of the rearing-house,

seems incredible. Particularly when it must be
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grown. The disease progresses in its interior, but

has not attained sufficient importance to prevent

the worm spinning its cocoon and changing into a

chrysalis, from which a moth will emei-ge. But it

will be fouiid that this moth, supposing it to be a,

female, will lay eggs which will contain parasites.

The parasites pass into the eggs in the following

way : when a silkworiii first changes into a chrysalis

the interior of the chrysalis is filled with a creamy-

like fluid, and it is only after the lapse of some little

time that this fluid begins to as.^ume some of the

proportions of the moth which will ultimately

emerge. Little by little the wings, legs, and in-

ternal organs, ikc, of the future moth begin to
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assumo a definite shape and consistence, until,

all being ready, the skin of the chrysalis bursts,

and the perfect state of the insect is assumed.

Before the formation of these various parts of the

perfect insect takes place, the corpuscles can float

uninterruptedly in the interior of the chrysalis, and

so it happens that as the walls of the eggs (to be

by-and-by laid by the moth) are forming, certain

of the corpuscles are enclosed. When, therefore, the

moth lays its eggs, these eggs are already infected,

because they contain certain of the parasites.

If such eggs be crushed, mixed witli a drop of

water, and examined under a microscope, these

parasites may be readily detected.

Very many of these eggs will,

from this cause, prove sterile, and

those which hatch will produce

worms carrying within them the

seeds of this dire malady. These

parasites increase rapidly, and it

will be found that a large pro-

portion of the worms born with

the disease in them never live

to attain their full size,—much
less produce cocoons,—because of

the large number of parasites

which are inwardlj'' preying upon

the vital juices of the worms.

Now, special parasites have

special habitats. We may in-

stance the Fediculus capitis—the

horror of cleanly people—the

Trichina spiralis in muscle, the

chigoe in great-toes, the tape-

worm (Tcenia soliiim) in the

intestines, &c. ; and M. Pasteur asserts that the

habitat peculiarly affected by this parasite of the

silkworm is the silk glands of the worms (Fig. 7) in

which is secreted the viscid gum-like fluid which,

when ejected by the worm in a fine thread, forms

silk. He states as evidence that, supposing a worm
has contracted the disease at an early stage of its

existence, but not so early as to prevent its attain-

ing its full growth, it will, when the time comes

for the spinning of its cocoon, seek some suitable

position, and then commence to slowly pass its

head from side to side, and go through the move-

ments as though it were spinning a paljiable cocoon,

while in fact no silk passes from it, and in reality

it is only an imaginary cocoon it is weaving.

M. Pasteur states that if the silk-secreting glands

of such a worm be dissected, they will be found

not distended with the viscid fluid necessary to the

. 7.—Silk-secreting
Apparatus.

formation of silk, but with myriads of the parasitic

corpuscles, which have increased and multiplied to

such a degree in the glands as utterly to preclude

the secretion of the fluid silk.

This, then, is the disease par excellence of the

silkworm, and although there are other causes of

mortality more or less gi'eat, these may, compara-

tively speaking, be readily guarded against by a

careful rearer. But when, as has been shown,

"pebrine" may be introduced into the rearing-

house in so many various ways, and makes its

approach in such an insidious manner, no wonder

that its ravages have been the cause of both sur-

prise and dismay in the unhappy silk rearer. Re-

membering the rapidity with which it may spread

in well-conducted rearing-houses, we may picture

its dissemination in houses crammed by worms,

whose owners have no direct interest in the silk

the worms will produce, and we need seek no

farther for an explanation as to why it was that

one district after another succumbed to the greed

of the seed merchants.

The extent of the damage caused by this disease

may be best estimated by the following figures

from the oSicial returns of the annual i^roibxction

of cocoons in France alone, which are as follows :

—

From 1821 to 1830, 10,000,000 kilogrammes* of cocoons.

„ 1831 „ 1840, 14,000,000 ,,

1841 „ 1845, 17,000,000 „

„ 1846 „ 1852, 21,000,000 „ „
In 1853 26,000,000 „ „

when the operations of the seed mei'chants attained

their maximum, and a decline in silk-producing

commenced.

Kilogrammes of cocoons.

In 1854 there were produced ... 21,500,000

„ 1855 „ „ ... 19,800,000

„ 1856 „ „ ... 7,500,000

and progressively

Kilogrammes of cocoons.

In 1803 the produce declined to... 6,500,000

„ 1864 ,, „ ... 6,000,000

„ 18G5 „ „ ... 4,000,000

Compare the foregoing figures, which i-elate to

France alone, with the following, which are esti-

mates of the yield of cocoons for the loliole ofEurope,

as given in the Moniteur des Boies, an axithoritative

journal on all that relates to silk culture.

* A kilogramme is 2 205 lbs. avoirdupois.
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The Yield of Cocoons for the xchole of Europe.

1874 .... 3,700,000 kilogrammes

187.5

1876

1877

1878

1879

3,.500,000

1,250,000

2,400,000

3,400,000

1,190,000

The temporaiy increase in 1877—8 may probably

be attributed to the opening np in Japan of fresh

districts for seed, as in 1874 the Japanese Govern-

ment first rescinded the laws against the operations

of the seed merchants in the interior of the country.

It must be borne in mind, as already stated, that

the silk from the Japanese worm has neither tlio

substance nor the lustre of the silk formerly pro-

duced by the Italian worms—a race, it is to be

feared, quite exterminated. By the light of tlie fore-

going figures may we not foresee the almost, if not

utter, extinction of the silk industry, unless heroic

measures are promptly taken to combat the evil %

A CHEMICAL LABOEATOEY.
By F. E. Eaton- Lowe, M.A., Ph.D., etc.

WHO has not been amused by the stories of

the alchemists of old, and smiled over the

narrative of their researches after the "pliiloso-

pher's stone " ] While we may affect to desjjise

the ignorance of these deluded philosophers, it is

impossible to repress a feeling of admiration for

the indomitable perseverance with which, in spite

of repeated failure, they continued their I'andom

experiments throughout a life-time devoted to

one grand object—the transmutation of the baser

metals into gold. The uniform want of success

which attended their efforts only seemed to stimu-

late them to new devices and fresh experiments
;

and the non-appearance of the long-expected gold

only strengthened their determination to succeed.

These men, however, knew nothing of tlie most

elementary principles of chemistry upon which

their researches could be based
;

they worked

literally and figuratively in the dai'k. As fire was

the agent to whose potent help they looked chiefly

for success, the furnace was regarded as the most

mystical and therefore the most important part of

their gloomy, cavernous laboratories ; but the grim

glare which occasionally issued from this served to

do little more than make the " darkness " visible.

As their experiments were based upon no rational

theory, and, in fact, upon no theory at all, they

were necessarily tentative and haphazard, and

were, therefore, little less desultory than those of

the embryo chemist of more modern times, who
mixes together all the reagents in his guinea chest

of chemicals, with a view of bringing about some
great and unexpected result.

It is somewhat surprising that these indefatig-

able workers, who were not wanting in shrewd-

ness, failed to see that the realisation of their

hopes would simply result in an excessive depre-

ciation in the value of gold, and the substitution of

some other metal as a medium of currency. But

the researches of the alchemists, unscientific as they

were, led to results the importance of which was not

duly appreciated till the fallacy of metallic trans-

mutation had been exploded. The random experi-

ments of these meii conduced to the development of

the noble scieiice of chemistry, which has furnished

so many of the elements of modern civilisation.

A large number of disconnected facts and results

were accumulated by the alchemists in the course

of their researches ; but it was not till the

eighteenth century was near its close that these

facts and results were systematised, and the

fundamental princijjles of chemistry satisfactorily

elucidated. The discoveries of Priestley and

Scheele between the years 1770 and 1790 served

completely to cancel the meagre list of elements

as given by the alchemists. Earth, air, fire, and

water were displaced from their pedestals as the

sole constituents of the material world ; and a

number of new elements, the list of which was

largely increased by Davy and his immediate

successors, appeared to console the disappointed

adherents of transmutation.

A number of chemical reagents which were

discovered in the search for gold still retain their

old names, such as aqua-regia, aqua-fortis, oil of

vitriol, and spirit of salt; while the philosophical

toy known as "Prince Rupert's drop" still

remains as a souvenir of that " fieiy Rupert of the

Rhine," who sought consolation for his defeats at

Marston Moor and Naseby by scientific recreation

in his laboi-atory at Windsor Castle.

As soon as Priestley's discovery of oxygen threw
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light on the composition of acids and salts, the

number of these compounds became vastly aug-

mented, and a lupid and striking advance took

place in the arts and inanufactures. New dis-

coveries of eminent advantage to mankind followed

one another in rapid succession; and at the present

moment the labours of the chemist at home and

abroad are being rewarded by a rich harvest

of products of vast interest, not oidy to the

sc-ientific, but to the commercial world. Let us,

then, look into the chemist's workshop, and take

a rapid survey of the curious pieces of apparatus

standing upon the shelves, or suspended from the

walls.

In the best laboratories there is a separate

I'oom devoted to qualitative analysis, and anothei'

to quantitative analysis. In the first the pro-

cesses necessary for the determination of the con-

stituents of any given substance are carried on,

while in the second the absolute weight or volume

of such constituents is ascertained by jn'ocesses of

a different kind. In some laboi'atories there is a

third room for operations of a more cumbrous

charactei", such as furnace work, glass-blowing,

smelting, and the manufacture of gases in quantity.

In laboratories especially constructed for teaching,

there is a compartment provided with its own
water-pipe, Bunsen's burner, and sink for each

student ; while the reagents and simpler pieces

of apparatus required in ordinary analysis, such as

retort stand, test tubes, funnel, and blow-pipe, are

placed within easy reach. Order and cleanliness

are two qualities of the first necessity in every

laboratory. Eveiy bottle must have its appointed

place, to which it must be returned immediately

after use ; while all flasks and test-tubes must be

thoroughly cleansed before being replaced, or the

results of the next experiment may be sadly

vitiated. The ventilation of a laboratory is a

matter of considerable importance, as fumes of

some kind or another will escape under the most

careful management ; but the manufacture of

noxious gases should be carried on in an apart-

ment altogether cut off from the principal testing

rooms, and bottles containing volatile acids and

ethers should be kept well closed Avith greased

stoppers.

Amongst the most useful glass vessels used by

the experimental chemist are retorts and fiasks, of

which a large stock is iisually kept, as breakages

are of every-day occurrence. Hetorts are of two

kinds—plain and tubulated ; the former being

v/ithout tubulature can therefore only be tilled

through the neck. A flask and bent tube can be
employed instead of a retoit, and in some cases

are preferable.

Sometimes—as in the manufacture of chloi-ine

gas—there is a good deal of frothing up, and unless

this be allowed for by the use of a retort of sufli-

cient capacity, the materials distended by the dis-

engaged gas will be forced into the neck, and thence

into the gas bottle. In making carbonic acid,

where the heavy gas is collected simply by the dis-

placement of common air, the delivery tube passes

to the bottom of the gas-bottle, which is gi-adually

tilled. The insertion of a lighted taper will show,

by its extinction, the presence of the gas.

lai-ge retort is useful in the preparation of distilled

water—a supply of which must always be at hand

iji the laboratory, as no other water is admissible

for analytical purposes. The distilled water sold

by the druggist is usually distilled in copper retorts,

and often gives a precipitate with barium chloride

or silver nitrate. Water of this description must

be re-distilled from glass, and the apparatus shown

in Fig. 1 m;iy be used for the purpose. The neck

Fi^'. 1.—Ajiparatus for Distillation of Water, or of Alcoliol from
Wines, &c.

of the retort is enclosed within a glass or tin tube

a, and a current of cold water is made to circu-

late between the two, in order to condense the

steam before entering the receiver, g. When the

retoi-t is used in connection with the j^neumatic

ti'ough, as in the preparation of oxygen, it is

important to remember that, if the burner or spirit-

lamp be removed before the retort is taken out of

water, the latter may rush up the neck of the

retort in consequence of the contraction of the air

within, and fracture may be the result. Another

frequent cause of breakage is the sudden applica-

tion of flame to a glass vessel containing a solid

substance.

When a fluid is to be boiled, the vessel may
be suddenly exposed to the heat without danger of

fi'acture, as the heated particles are carried upwards
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by convection ; but in the case of a solid, tlie glass

must Hist be warmed and the heat then gradually

applied. The hard Bohemian glass, of which test-

tubes and retorts should be made, will stand a very

liigh temperature, and never crack, except from the

force of a collision.

Sometimes a system of three or four flasks is

employed, as in the preparation of hydrogen sul-

phide, or sulphuretted hydrogen. Such an arrange-

ment is shown in Fig. 2, where a is the bottle

containing the

metallic sulphide

and acid em-

ployed in making

the gas ; b is the

wash- bottle for

purifying the

gas; and c is the

bottlecontaining

the water to be

saturated with

the hydrogen sul-

phide. In fixing

" nest " cf cork-

This consists of

-Apparatus for Preparing Solution of
Sulpliuretted Hydrogen.

arrangements of this kind a

borers is of essential service,

a series of brass tubes of ditiferent bores, for the

purpose of piercing corks which have to be fitted

with narrow glass tubes. To obviate the necessity

of piercing a cork with three holes, a bottle with

three necks, called a Woulfl"'s bottle, can be em-

ployed. These bottles are very useful in operations

in which water has to be saturated with a gas, or

where a gas is required to be washed previously

to its collection. A three-necked Woulfl^'s bottle

is used in fitting together an apparatus for the

liquefaction of sulphur dioxide, or sulphurous acid.

This pungent gas is given off from burning

sulphur, but is usually prepared by remo\ing from

.sulphuric acid the elements of water and an addi-

tional atom of oxygen. This is very readily done

by boiling the ordinary acid with copper turnings

in an evolution-flask. The gas is purified in

a, three-necked wash-bottle and thence passes

into a spiral txihe which is surrounded by a

freezing mixture of salt and pounded ice. Here it

is condensed into a liquid, and runs into the flask

below. Glass tubes may be united by short tubes

of caoutchouc, which, when fitting closely, effectu-

ally prevent any escape of gas.

In arranging apparatus for an experiment, it

freqiiently becomes necessary to bend glass tubes.

This can readily be done, if the tube be narrow,

without the aid of a blow-pipe, by simply heating

it in the flame of a Bunsen's burner, and bendinij

it gently, when soft, to the required angle. When
the tube is thick, a blow-pijie connected with a

bellov/s worked by the foot must be used. 'Jo

supjjort retorts and flasks several kinds of stands

are employed. The ordinary stand is made of

iron and furnished with several rings, while a con-

venient form for supporting an evaporating dish,

or flat-bottomed flask, consists simply of an ii on

ring standing upon three legs. Fig. 3 represents a

wooden holder for

test-tubes. This

holder has a uni-

versal joint, by

means of which

it can be turned

in any direction.

Clean test-tubes

should be kept in

a rack pierced

with holes of dif-

fei'ent sizes, for

tubes of difierent

bores. As their

pally used

reao;ents,

Jointed Test-tube Holder.

name implies, they are princi-

testing solutions by aj)propriate

Their form favours the deposition and

examination of precipitates, the colour of wliicli

can be readily noticed. Sometimes it is necessary

to lieat the tube with the contained solution, in

which case a holder, such as that shown in Fig. 3,

must be used. Another foi-m, composed of two
flexible strips of brass is still more convenient.

Our glass apparatus would not be complete

without a set of "beakers." These are lipped

vessels of very thin glass, for holding hot solutions

or boiling water, which could not be poured into

thicker vessels. They can be heated over a sj^irit-

lamp in the same way as flasks. Evapoi-ating-dishes

of various sizes must also be within reach. They

are made of porcelain, and ai-e used for evaporating

and concentrating solutions in crystallisation, and

other operations. When strong acids are to be

concentrated, dishes of platinum must be em-

ployed.

Amongst the most useful, though at the same

time the most simple, auxiliaries in the hands of

the analytical chemist, are " test papers. " These are

small strips of bibulous paper which have been satu-

rated with certain vegetable tinctures, and indicate

by an immediate change of colour the pi'esence of an

acid or an alkali in a given solution. They are

made up in the form of little books, and a strip can be

readily torn off when required. Blue litmus paper
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has been steeped in a tincture made from a kind of

lichen (Rocella iinctoria) growing abundantly in

the Canary and Cape Verd Islands. This paper

turns red when dipped into a liquid having an acid

reaction. Red litmus j^^per, which has been

reddened by an acid, is used as a test for alkalies,

which restore the blue colour. An amusing experi-

ment may be performed by placing a drop of some

acid at the bottom of a tall vessel, and pouring in

a solution of blue litmus. The blue colour is

immediately changed to red. The experiment may
be reversed by pouring the reddened liquid into

another vessel containing a drop of ammonia. The

blue colour will reappear. These changes appear

extraordinaiy to the uninitiated. Yellow turmeric

jjaper has been steeped in a tincture made from

the roots of the Curcuma longa, a plant growing

in all parts of Bengal. Its colour is changed by

alkalies to brown. It must not be forgotten that

this property is possessed by some substances that

are not strictly speaking alkalies. For instance,

carbonate of soda is a salt, but it changes red

litmus to blue : we can, therefore, only say with

coi'rectness that it has an alkaline reaction. There

are other test papers, such as ozone papers, for

detecting ozone in the atmosphere. These are

impregnated with starch paste and iodide of potas-

sium, and turn blue when acted upon by minute

quantities of ozone. Then we have lead-papers,

which turn black on exposure to sulphuretted

hydrogen. These pajDers should be kept in a small

drawer, while other drawers should be provided

for small articles, such as corks, labels, platinum-

wire and foil, short caoutchouc tubes, &c.

We must now take a survey of the sources of

lieat at the disposal of the modern chemist. The
huge furnace of Mephistopheles, so familiar to

opera-goers, is now a thing of the past ; and in its

place we have blast gas-furnaces, large gas Hame
burners, and the useful Bunsen's burner, which

last has quite superseded the old spirit-lamp. The
burner called after the celebrated cliemist cf

Heidelberg has been a boon in the laboratory. It

gives a great heat, and is altogether more conve-

nient and cheaper in respect to consumption of fuel

than the spirit-lamp. Its principle is very simple.

An iron tube having an orifice near its base is

fitted over an ordinary gas-burner, which is sup-

plied with gas by means of a flexible tube con-

nected with the gas-pipe. The air entering the

orifice mixes with the coal-gas as it ascends in the

tube, and the mixture is ignited at the top. This

burner gives a pale-blue non-illuminating flame,

owing to the complete combustion of the carbon ;,

but the tube can be tm-ned round so as to close the-

orifice, and prevent the admission of air. The

flame then becomes yellow and luminous. The
"rose burner" is similar in principle, but has a

number of openings at the top, so arranged as to

give a ring of jets. This burner gives a diffusive

heat, suitable for evaporation and other operations,

to which the single jet is not adapted. A much
more powerful heat is afforded by Bunsen's gaa

apparatus for heating crucibles, in which a number
of air tubes are combined and used together.

Fig. 4.—DeTille's Gas Apparatus.

Air enters the apparatus by the tubes, and the

gas by a flexible pipe. The whole is thoroughly

mixed in the chamber, which is situated in the

body of the apparatus. The mixture then passes

out by a bundle of eight tubes in close contact, so

as to furnish a single solid flame of a very high

temperatiu'e. A movable jacket surrounds the

bundle of tubes to cut off disturbing currents, and

another jacket for holding the crucible to be heated

is suspended from a retort-ring by platinum wires.

Professor Deville's blast gas-furnace is still more

powerful. It is preferred by the French chemists,

as it can be adapted to an almost endless number

of operations. A variety of burners, giving flames

of various shapes and sizes, can be fitted to the
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apparatus—a blowpipe, a blast nozzle, a rose jet,

an oxy-hydrogen jet, and many others can be

attached ; and thus, by their aid we can heat cru-

cibles or evaporating dishes, fuse minerals and

metals, reduce metallic oxides, and even melt plati-

num and other refractory substances. Gas enters

the tube a (Fig. 4), and rises by the tube b, wliicli is

furnished with a screw to which all the various

burners shown in the figure can be attached. The

burner c, for instance, is perforated with a circle

of small holes for the purpose of giving a ring of

jets, adapted for diffusive heat ; d represents a

single jet, as in Bunsen's burner ; e is a flat jet for

blowpipe experiments
; f is an argand biu-ner, Avith

a gallery for holding a chimney
; <j is a, burner

furnished with a double-jointed movable nozzle,

which can be placed in any required position, and

to which is fixed a blowpipe adapted to the flexible

pipe (7.

This tube can be put in connection with a

bellows, and a blast of air can be sent into the ap-

paratus for the purpose of intensifying the heat in

.such operations as glass-blowing, fuzing zinc or

copper, reducing metallic oxides, &c. ; or it can be

connected with a gas-holder containing oxygen

lender pressiire. We shall in that case get the oxy-

hydrogen blast with a heat capable of melting

.silver, which requires a temperature of 1873° F., or

copper, which melts at 1996° F., and even gold,

which does not fuze under 2016° F. k is a

metallic cylinder open at the bottom and covered

with gauze at the top, which can be lowered over

the burner b by means of the thumb-screw k. A
large flame is then obtained above the gauze, and

its heat is augmented by connecting the tube m
with the bellows and blowing air into it. This

-flame is well adapted for crucibles ;
?• is a similar

cylinder furnished with a blowpipe, I. The hot-air

bath is another important piece of apparatus for

heating purposes. Many compounds, especially

those of organic origin, require to be heated or

dried for some time at a constant temperature, and

the hot-air bath is provided with a mercurial regu-

lator for the purpose of securing this uniformity.

Bunsen's hot-air bath and regulator is represented

in Fig. 5. It is suspended against the wall of the

laboratory, and heated by the gas-burner below, d,

the distance of which from the base can be adjusted

by the screw g. The gas enters by the supply-

pipe (I, and passes into the tube 5, thence into

the tube c, and is ignited in the burner d. Any
desired temperature can be secured by increasing

or diminishing the quantity of gas entering the

burner ; and to keep the supply of gas constant the

following ingeiiious expedient is adopted : at the

bottom of the tube b in the part which enters the

bath a quantity of mercury is placed ; a glass tube,

which is a continuation of the supply-pipe a,

passes down the tube b and dips into the mercury.

This simple arrangement constitutes the regulator.

When the supply of

gas bi'ought by the

pipe a is augmented

the heat of the bath

I'ises, and the mer-

cury exjmnds in the

tube b and increases

the pressure upon

the mouth of the

tube b. The efiect

of this increase of

jiressure is to di-

minish the supply of

gas, and at the same

time to lower the

temperature. On
the contrary, when
the supply of gas is

diminished, the heat

falls and the mer-

cury contracts. The

pressure upon the

moutli of the tube

a is diminished, the

quantity of gas brought to the l)urner is increased,

and consequently the heat rises. The thermometer

e passes into the bath and indicates the degree of

heat, which may, by the arrangement just described,

be maintained for a considerable time at any

desii'ed point.

We must now say a few words respecting tlie

use of the blowpijje, a simple instrument, but one of

considerable importance in the hands of the analyst.

It is simply a brass or tin tube of a conical foi-m

having a nozzle with a fine oiifice inserted

near the wide end. Blowpipes of japanned tin

may be purchased for a trifle, and answer the

purpose very well. A little practice will be neces-

sary before this instrument can be iTsed efi'ectively.

The blast must be kept uniform and constant, but

the novice invariably stops at frequent intervals to

take breath, and the efibrt is consequently abortive.

The cheeks must be distended with air throughoiit

an experiment, and the habit must be acquired of

breathing through the nose while blowing. The

difiiculty at first experienced will soon vanish, and

Fi£C. 5.—Buusen's Hot-air
Bath.
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the st-adent will be able to keep np an uninter-

rupted blast for a long time. The blowpipe flame

is composed of two cones, an inner flame of a blue

colour, and an outer yellow flame. Tlie latter is

the oxidising flame, and the former the deoxidising

or reducing flame. When an oxide is exposed to

the inner flame, the incandescent particles of car-

bon floating around it withdraw oxygen, and

become converted into carbonic acid, while the

oxide is reduced to the metallic state. On the

other hand, if a fragment of metal is exposed to the

outer flame, the oxygen of the heated air in contact

with it enters into combination with the metal and

an oxide is produced. In these experiments plati-

num wire and pieces of hard charcoal are used to

support the body to be examined, and some salt, as

soda carbonate, borax, or microcosmic salt (a mix-

ture of soda phosphate and ammonia phosphate) is

used as a flux. Suppose we wish to reduce a salt

of lead, such as the nitrate or acetate : the salt is

mixed intimately with the flux, and put into a

small hole scooped in the piece of charcoal. On
exposure for a few seconds to an uninterrupted

blast in the inner flame, little globules of metallic

lead will be 25voduced. Oxide of lead will be formed

by exposing a fragment of the metal to the outer

flame.

When a solution is to be examined a borax bead

is formed in the following manner :—A small hook

is made at the end of a f)latinum wire and made
red-hot in the blowpipe flame. When dipped into

powdered borax a portion of the salt adheres, and

will run into a bead on being again heated. If the

bead is dipped into a solution of cobalt nitrate and

exposed to the outer blowpipe flame a beautiful

blue colour will be produced, owing to the decom-

position of the salt and the formation of an oxide.

Portions of any dry salt not larger than a jiin's

head can be melted into these borax beads,

and submitted to the action of the blowpipe.

E.Kamine, for instance, a grain of copper

sulphate or nitrate in this way. In the outer

flame we shall get a transparent greeii glass,

but in the inner an opaque brown glass will

be produced. This action of the blowpipe

affords an excellent confirming test for copper.

Similarly, chromium gives a transparent glass

both in the outer and inner flame, and man-
ganese gives to the bead an amethyst tint

;

indeed, manganese oxide is used in the manu-
facture of artificial amethysts ; while copper, chro-

mium, cobalt, and iron furnish various shades of

green, blue, and red for other mock gems. Some

other useful additions to the laboratory remain to

be noticed. Bell-jars of different sizes, plain and
tubulated, are useful for experiments on gases. They
are easily filled from the pneumatic ti'ough, and

can be removed by sliding under them a plate of

zinc or earthenware. Phosphoius, sul]jhur, and
other substances may be burned in these bell-jars

by means of a dejlatjrathig sjwon, which consists of

a bent wire, having a little iron cup at one end, ;uid

passing through a bi-ass cap, which can rest upon
the top of the jar and prevent the escape of gas.

In some experiments with gaseous

compounds it is necessary to employ

tall cylindrical glass vessels. In ex-

hibiting, for example, the spontaneous

ignition of copper filings by chlorine, a

tall vessel is better adapted to show

the descent of the i-ed-hot particles of

metal. One of the most striking ex-

periments in chemisti'y is to mix one

volume of olefiant, or heavy carbu-

retted hydrogen gas, with two volumes

of chlorine, and to inflame the mixture.

A thick black cloud of carbon is pro-

duced, and a lurid flame j^asses down
the cylinder. A iiseful little instru-

ment for delivering water or acids by the drop

is called a f.ipette (Fig. 6). When the mouth of the

pipette is closed by the thumb, the pressure of the

air prevents the escape of the liquid, but when the

thumb is withdrawn, drop by drop exudes from the

small orifice at the extremity. This instrument is

very useful where a very slight excess of a reagent

is to be avoided, as in the case of caustic potash,

which produces a precipitate in solutions of certain

metallic salts, as those of zinc, tin, aluminium, lead,

and antimony, but re-dissolves these precipitates if

an excess be added. Tubes bent into various forms.

Liebig's potash bulb.
V Tube.

U Tube.

Fig. 7.—Tubes used for Analysis of Gases.

as in Fig. 7, are used in the analysis of gases,

a is a potash bulb, for holding solution of caustic-

potash. This is used when we wish to absorb
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carbonic acid from the air or any other mixed gas.

The bulb is weighed before and after the ojieration,

and thus the quantity of carbonic acid existing in

a given volume of mixed gas can be estimated, b

is a V-tube, and c a U-tube, both of which are

employed to hold lumps of chloride of calcium, or

pieces of pumice-stone saturated with concentrated

sulphuric acid, for the purpose of absorbing the

aqueous vapour which usually comes off when a

gas is generated.

Fig. 8 will illustrate the use of these tubes and

Fig. 8.—Aspirator for Drawing Air tlirougb tlie U-Tubes.

the method of making a quantitative estimation of

the carbonic acid and water in atniospheric air. A

is an aspirator, which is a contrivance for drawing

atmospheric air through the entire set of tubes.

This is managed in the following way :—The aspi-

rator, whose capacity is known, is filled with watei',

which is allowed to escape through the pipe a,

tui'ned up at the end to prevent the entrance of air.

As the atmospheric air cannot find admittance to

compensate for the loss of water by any other

channel than the pipe g, it follows that it must be

be drawn through the contents of the bent tubes

b, c, d, e,f and h. The first three of these are filled

with lumps of chloride of calcium, and theothertubes

with pumice-stone, moistened with caustic potash.

The increase of weight in these tubes represents

the amount of water and carbonic acid present in

the air under examination. In conducting ex-

periments of this kind it is necessary to have at

command a very delicate balance.

No laboratory is complete without a perfect

chemical balance, which, by the way, is rather a

costly instrument, and is usually kept in a glass

170

case to protect it, not only from dust, but from

disturbing draughts of air. In this balance the

horizontal oscillating beam has a triangular knife-

edge of agate fixed at its centre, and at the point

where this rests, on the summit of the vertical

brass pillar, is a horizontal plane of agate. There

is another agate knife-edge at each end of the

beam. Each of the brass pans is suspended by an

agate plane resting upon the agate edge, and thus

the amount of friction is reduced to a minimum,
and the sensitiveness of the balance rendered so

perfect that it will turn with ,Lth of a milli-

gramme when loaded with 100 grammes—

•

that is to say, it will indicate the one-mil-

lionth part of the substance weighed. The
durability of the balance is increased by an

arrangement which permits the beam and

pans to be raised from their supports, and

the pressure upon the agate planes is

thereby removed when the instrument is

not in use. We cannot take our leave of

the laboratory Avithout glancing at certain

graduated glass vessels, which appear to

occupy a prominent position amongst the

apparatus in the room devoted to quantita-

tive analysis. These instruments are used

ill what is called centigrade-tQutuig, and

are known as centigTade test-tubes, or, more

commonly, alkalimeters. They are usually

graduated into 100 equal parts, and are used

for measuring definite quantities of test-liquors ia

the analysis of commercial acids, alkalies, and other

A

1

100^

W
b

Fig. 9.—Alkalimeters.

products. Some forms of alkalimeters are repre-

sented in Fig. 9 : ffi is provided Avith a grooved

stopper, which alloAvs the contents to be poured out
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very slowly. The lip of tliis and other vessels of

the same kind must be greased, to prevent the

liquid running down the outside, i is a convenient

form of this instrument, which combines the pipette

with the centigrade test-tube. It is a modification

proposed by Mr. Binks of Gay-Lussac's pouret.

c is a pijiette which delivers exactly a hundred

measures of test-liquor. Acids are tested by observ-

ing the number of measures of a standard solution

of soda carbonate required to neutralise them • and

alkalies ai'e estimated by the reverse 'process—that

is to say, by neutralising them with sulphuric acid

of a standard strength. For the method of using

centigrade test-tubes, the reader must be referred

to manuals on practical chemistry.

It only remains to notice, amid a vai-iety of

complex instruments devised for special purposes,

some miscellaneous articles, which, although they

appear rather insignificant, cannot, nevertheless, be

dispensed with. Here we see a number of solid

glass stirrers about eight inches long, which are very

useful in making solutions of salts ; while in another

place is a pair of iron tongs, suitable for removing

hot ci'ucibles from the furnace. Small tongs of

platinum are used for holding platinum-foil or

platinum cups. Files and rasps of various shapes

lire useful for shaping coi'ks, and sharpening cork

borers ; brushes for cleaning test-tubes ; mortars of

glass, porcelain, and brass for pounding ; iron and

platinum spatulas
;
powder scoops, hammers for

breaking minerals, safety tubes for gas bottles,

funnels, fireclay and platinum crucibles, glass

receivers, gas pipettes for giving definite quantities

of gases, and iron bottles for making oxygen on a

large scale for the limelight, are all in their appro-

priate places. Here, again, are some glass bottles of

peculiar construction, which must

not be overlooked. They are sjiecially

adapted for holding strong acids and

volatile liquids, such as ammonia and

the ethers. Fig. 10 represents a bottle

of this kind. It has a wide neck, and

instead of a stopper it has a glass cap,

ground to fit the outside of the neck.

It is also furnished with a pipette, _ ^^.j^

having an orifice so small that it will
p^g^te

^""^^^

deliver but one drop at a time,

although it can be made to give many drops in

succession. The pipette always remains in the bottle,

and is therefore always ready for use. By the

skilful use of these apparatus the chemist questions

natm-e, and arrives at discoveries as wonderful as any

which the alchemists dreamt of, and in the aggregate

value prodiictive of almost as much material wealth

as that philosopher's stone which was to change the

" base " metals into the basest of them all.

HOW THE INTENSITY AND DUEATION OF SUNSHINE AEE MEASUEED.
By Robert James Mann, M.D., F.R.C.S., F.E.A.S., etc.

A S sunshine is the source of all activity and

movement upon the earth, it is a matter of

some consequence that science should possess means

to mark accurately the amount of it which is avail-

able for use at any given place, and to record the

difiierences in that amount which occur from time

to time and at opposite seasons of the year. For

meteorologists especially the study of this subject

is of the highest importance, because both seasons

and climates derive from it their characteristic and

distinctive features.

The first scientifically exact measure of the in-

tensity of heat force which is exerted by sunshine

was made by M. Pouillet, a French meteorologist.

He devised a very ingenious and efficient instru-

ment for the purpose, which he termed a pyrhelio-

meter, or sun-heat measurer.* This apparatus

* The technical designation of this instrtiment is deriveil

from the Greek words, pu7; fire or heat ; helios, the suu ; and
meiron, a measure.

consists of a flat cylindrical steel case, prolonged

downwards into a narrow tube, as shown in A a

and B B, Fig. 1.

The flat case contains a quantity of mercury, the

exact amount of which has been ascertained by

weighing, and it is blackened at the top (c) to enable

it to absorb heat readily when exposed to the sun-

shine. In the interior of the apparatus a delicate

thermometei' is placed, so that its bulb is plunged

into the mercuiy, while its stem is carried down
into the tube, and exposed at d to admit the

reading off" of the temperature by means of the

usual thei-mometric scale. The entire apparatus is

capable of being attached to a post or stake of

wood, by the agency of a universal joint and screw

(e), and at the lower part of the stem a round disc

of brass (f), of exactly the same size as the top of

the cylindrical case, is so fixed that the black top

of the case can be kept exposed to the direct rays

of the sun by the simple expedient of placing the.
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1.—Pouillet's Pyrlie-
liometer, for Measuring
the Heat of Sunshine.

instrument in the position in which the shadow of

the case at the top jnst falls upon and coincides

with tlie round disc beneath. The black top of

the case then lies exposed to the perpendicular rays

of the sun.

When the apparatus is duly adjusted in this way,

and exposed to unobstructed sunshine, the heat

from the sunbeams is rapidly

taken up by the black top of

the steel case, and commu-

nicated to the mercury con-

tahied within. The rise of the

thermometer forthwith indi-

cates how much warmer the

mercury lias become from the

heat which it has received.

But the Ijlackened case not

only acquires heat from the

sunshine, it simultaneously

shoots ofl' into the air some

portion of that which it has

previously j^ossessed. The

loss, therefoi'e, has to be

taken into account as well as the gain. First, the

l)lack top is exposed for five minutes to the sun-

shine, and the rise of the thermometer during those

five minutes of exposure to the sunshine is marked.

Immediately afterwards the blackened top is

sci'eened from the sun and directed to anotlier part

of the sky, and the fall of the thermometer during

an equal period of five minutes is noted.* That

shows how much heat was dissipated from the top

whilst the thermometer was in process of being-

raised by the sunshine. The two quantities—the

loss and the gain—by a simple process of arith-

metic, then taken together, and after a fair balance

has been struck, tell what the heat of the mercury

would have been after the exposure to the siuishine

if there had not been this concurrent loss at the

same time. The amount of loss from the exposure

Avithout sunshine has to be added to the amount of

the gain from the exposure in the sunshine, and the

sum-total gives the heat which has been conferred

iipon the knowia weight of mercury by five minutes

of sunshine. This, accordingly, thereupon becomes

a definite and intelligible measure of the heating

power of the sun—at least, so far as the effect upon
mercury is concerned. But the relations of heat to

the various different kinds of material substance are

* In making a very exact and careful experiment, the case is

exposed without sunshine five minutes before and five minutes
after the exposure to sunshine, and the mean of tlie two trials

is used as the estimate of the cooling or loss.

now so well understood that this also at once tells

what the gain of warmth would have been if any

other substance than mercury had been submitted

to the ordeal ; how much, for instance, any fixed

quantity of water would have been heated, or how
nuich ice would have been melted. Carefully con-

ducted experiments with this ingenious instrument

have consequently enabled scientific expei-imenters

to say that the perpendicular rays of clear sunshine

give as much heat to any surface ujion which they

fall as would serve to melt a thickness of ^ery

nearly half an inch of ice in half an hour, and that

if all the heat which is communicated to the earth

from the sun in a year were uniformly and evenly

applied over the entire extent of the terrestrial

surface it would suflice for the melting within that

period of a casing of ice 100 feet thick.* Such,

therefore, is the measure of the force which is

avaihible upon the earth for the maintenance of the

multifold operations of terrestrial economy that

come under the observation of man. The winds,

waves, rivers, and rain, the unceasing vegetable

growth, and the endless activities of animated

vitality are all sustained by an expenditure of sun-

derived force which would be competent to melt

every year a shell of ice as large as the earth,

and 100 feet thick.

But the duration of sunshine at any definite spot

upon the earth is more difiicult to reduce to mea-

sure and rule than the immediate intensity of the

sunbeam, because this has to do with an efi'ect that

is changing at every successive instant. The clouds

which sweep over the face of the sky are notoriously

amongst the most fitful and uncertain of the visible

aspects of Nature. It is no easy task to set down
in fixed terms how the sunshine and cloud divide

themselves amongst the minutes of a single passing-

hour, to say nothing of every hour of the day and

of every day of the year. The processes of pho-

tography can give no help towards the establishment

of such a record, because the efi'ects with which

they deal are incident to the diff'used light issuing

from the clouds, as well as to the concentrated light

of sunshine. The miniature fire of the focus of

the burning-glass is not subject, however, to the

same incapacity, because it only scorches or burns

when it is the beams of the unclouded sun which

are brought into play, but with it there is an in-

convenience to be met with of another kind. The

glass which produces the burning spot has to be

continually shifted with the diurnal progress of the

sun across the sky if that spot is to leave a trace

* " Science for AU," Vol. II., p. 118.
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that cam be turned to account as a record of the

duration of the sunshine. But, nevertheless, the

burning of a track by a miniature image of the

sun produced by the agency of a convex lens of

slass is the direction in which the solution of the

problem has been most successfully sought. The

happy idea occui-red to an ingenious observer some

Fig. 2.—Diagram showing tow Parallel Bays of Sunshine are
thrown into a Focal Point by the action of a Transijareut Ball of
Glass.

twenty-five years ago that the need to make the

burning-glass travel correspondingly to the move-

ment of the sun would be obviated if many bvirning-

glasses were used in succession instead of one, or if

a form of lens were employed which has a uniform

curvature from whatever direction it is looked at,

and which is, therefore, in that sense a series of

lenses in one. A sphere or globe of glass is ob-

vioxisly such a many-faced lens. If a rovmd ball of

clear glass be hung up in the sunshine, its burning

focus is formed o})posite to the sun, but a little

way outside of, or beyond, the surface of the globe.

If the sun were shining upon a globe from the

direction marked a a in Fig. 2, the focus of its con-

centrated rays would be constituted at B, and any

combustible substance, such as brown paper, would

be set fire to there by the intensity of the accu-

mulated heat. But when the sun had travelled

round in the sky so that its beams fell upon the

globe from the direction cc, instead of from the

original direction A A, a focus would still be formed

at the same distance from the surface of the globe,

and opposite to the sun, but consequently at D

instead of at b. As the sun travelled round above

the globe the focal point of its collected rays would

sweep round beneath the globe in the opposite

direction. If a screen of combustible substance,

such as brown paper or wood, therefore, were

arranged in the form of a hemispherical cup, such

as E D B F, at a proper distance beneath the globe,

the bui-ning point would leave a charred ti-ack all

along upon the paper or wood as it travelled from

B to D. This plan was actually brought into opera-

tion to enable the sunshine to score a charred

track upon wood by Mr. J. F. Campbell, of Islay,

but he tised in the first instance a hollow globe

of glass filled with water instead of a solid globe,

and he placed the sphere within a basin of wood,

so adjusted in reference to its size and to the posi-

tion of the ball that the focal image of the sun, or

burning-point, always rested upon the actual suiface

of the concavity of the bowl as it swejit along under

the diurnal march of the sun.

The apparatus constructed by Mr. Campbell was
placed ujjon the roof of the house occujiied by the

General Board of Health in London in 1854, and

in 1857 the hollow globe of glass was superseded

by a solid sphere. A new bowl of wood was pro-

vided every six months, and during that interval

the burning focus traversed the bowl, and scored

its track day after day in the substance of the

wood, leaving a broad zone, more or less charred

and more or less deeply consumed, according as

more or less sunshine had been prevalent during

its term of use. In the year 1873 several of the

bowls that had been so exj^osed to the sun were

transferred to the charge of the Meteorological

Office, and an attemptwas made by Professors Hoscoe

and Balfour Stewart to form a comparative esti-

mate of the amount of burning work that had been

accomplished in each half-year. In the year 1875

the apparatus was removed to the Meteorological

Ofiice at Kew, where, in the more convenient form

into which it was shortly afterwards improved by

the ingenuity of Mr. R. Scott, the successor of

Admiral Fitzroy in the sujoeriutendence of this

department of scientific work, it has since con-

tinued to furnish its recoi'd. On the 7th of May,

1876, a corresponding instrument was supplied

by Mr. Campbell to the Royal Observatory at

Greenwich, and from that year there have been

analogous continuous records of the duration of

sunshine preserved both at Greenwich and Kew.

The first poiut to which Mr. Scott directed his

attention in his attempt to improve the capabilities

of this instrument was the consideration of how
the apparatus might be best made to give a distinct

trace for each succeeding day, which might be

removed from the instrument and kept as a per-

manent record of the work of that day. The

device wliich he ultimately adopted for this purpose

was the use of a strip of cardboard, which was

fixed in a proper jjosition along the iniier surface
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of the wooden bowl in the morning, and removed

in the evening. This strip then i-eceived the im-

pression from the burning sunshine instead of the

wood. A mere comparison of the several strips

iifterwards, therefore, gave the proportional amoiuit

of sunshine from day to day. After a little time

it occurred that the bowl might be dispensed with

if the strips of card were exposed in a curved

frame of brass, so attached to the instrument as to

enable it to be shifted day by day to meet the

increasing or diminishing noon-tide altitude of the

sun in the sky. Several instruments were shortly

afterwards made with this adj iistable semi-circle for

the reception of the daily trace.

The principal inconvenience experienced in

rising this form of the instrument was the cave

which was required to place the strip of card

each day in the precise position in which it must

be to catch the spot of sunshine dviriirg its progress

from sun-rise to sun-set. This is slightly different

for each succeeding day ; and altliough tliis difl'er-

ence of track is one that can be easily provided for

beforehand by a skilful and experienced manipu-

lator, it was nevertheless found to be desirable to

fit the instrument for less skilful handling by pro-

viding it with some more ready means of making

this adjustment. Professor Stokes, of Camlnidge,

accordingly turned his attention to the matter, and,

with the help of Mr. Lecky, the meteorologist, he

succeeded, in the spring of 1880, in constructing an

instrument which appears to accomplish all that can

be i-equired for the prosecution of tliis branch of

physical research, and which promises henceforth

to make the compai-ison of the duration of sun-

shine in difierent localities one of the routine pro-

ceedings of meteorological observation.

In the per-

fected instru-

ment, which

science owes to

the ingenuity

of Professor

Stokes and
his assistants,

a carefully

turned sphere

of crown glass

(b) is placed

Fig.3.—Diag:i-am illustrating the arrangements ^T^l^ ^ bl"ass
of Professor Stokes's Instrument for record- ,-,,-11q.. /d\ fi-i^orl
ing the Dui-ation of Sunshine (half size).

piiiai (^f nxeu

on a solid slab

of slate (s s), as is represented in the accompanying

<liagram (Fig. 3). The slab also sustains a concave

stand tor Professor
Stokes's lustrumeut for re-
cording Duration of Sun-
shine.

stand of brass, shown in transverse sectioii at c c,

so formed as to be able to hold the cai'd strips (a, a, a)

exactly where the sphere forms its focal spot for

parallel rays of sunshine incident upon it at the

opposite side.

The form of this concave stand or cup is more

fully represented in Fig. 4, where s s again indi-

cates the slab of slate, p the brass pillar hollowed

out at the top for the re-

ception of the sphere, and

c c the concave basin-like

holder, or frame, with

one of its graduated cards

prepared for the regis-

tration of the sunshine

introduced in its proper

place at A. The glass

sphere (b in Fig. 3) is foui-

inches in diameter, and

when the instrument is in

us(? forms a focal image of the sun just 0-89 of an

inch beyond its outer surface (at a). The propor-

tions of the stand are therefore so arranged that

Avlien the glass ball is in its place upon its pedestal,

the cardboard strip (a, Fig. 3, and a, Fig. 4) is

everywhere just 0'89 of an inch away from its sur-

face. The globe having a diameter of four inches,

the cup is moulded upon a diameter of 5-78 inches.

When the instrument is arranged for its work, the

slate slab is fixed so that it is horizontal from east to

west, and so that the focal image of the sun formed

by the ball at the instant of noon falls upon a.

central line engraved upon the inside of the cup

(ii, Fig. 4). The stand represented in the figure

is one which is prepared to be used in the latitude

of London. But for other parallels of latitude

more towards the north or the south, the inclina-

tion or tilt of the cup upon the slab is altered to a

corresponding angle to meet the case. The card

strip for the day, when the instrument is in use, is

pushed into its groove until the central transverse

line (marked A'i(.
)
exactly coincides with the meridian-

line M, already alluded to as engraved upon the

brass.

The instrument having been duly adjusted, with

its ball upon the pedestal and facing the south,

a focal image of the sun is cast upon the card and

burns itself in. As the sun travels across the sky

from east to west the focal image moves along in

the opposite direction upon the card, and in doing

so scores its track in upon the card, whenever the

sun is clear, by a charred mark, but leaves the card

white and unstained whenever the sun is screened
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Morning. Evening.

Fig. 5.—A day's Record of Sunshine, taken by mornill
the instrumentality o£ Professor Stokes's
Apparatus.

I)y clouds. The extent and position of the charred

track, therefore, at the close of the day shows the

proportional amount of sunshine and cloud, and

how these were distributed amongst the several

hours of the day. The following diagram (Fig. .5)

I'epresents the appearance of the charred track upon

a card, with its dark trail corresponding with the

presence of sunshine, and with the intervening

unburnt intervals corresponding with the periods

of cloud.

The perpendicular short lines traced upon the

card indicate the space over which the focal point

travelled each

half - hour of

the day, from

five in the

^ until

six in the even-

ing, every

third hour being marked as vi., ix., xii., iii.,

and vi.

Thus the first dark spot shows that there was sun-

shine for nearly a quarter of an hour soon after

six. The two small dots indicate that the sun

broke faintly through the clouds for two brief inter-

^ als between seven and eight ; and the long trace

commencing about xii. intimates that there was

continuous sun.shine from a quarter of an hour

before twelve imtil a quarter-past two.

The strip of card which is shown in position in

the stand in Fig. 4 is the one which is vised at

those j^arts of the year which intervene between

summer and winter. At the equinoxes—that is,

on. the 21st of March and the 21st of September-

-

when day and night are of equal length all over the

earth, the stin's focal track travels directly along

the central line of this card from end to end. But
the track gets shifted nearer to the upper edge of

the card (as shown in Fig. -5) as the altitude of the

sun declines, and nearer to the lower edge as the

altitude is increased. The card, which is an inch

and a half wide, is so broad that it serves altogether

between edge and edge for forty-one days—that is,

from the last day of February until the 10th of

April in the spring, and from the 2nd of September

to the 1.3th day of October in autumn. For the

other parts of the year, the winter season, which
extends from the 14th of October to the 27th of

February, and the summer season, which lies

between the 11 th of April and the 1st of September,

two other and slightly nar-rower strips are used,

and it is by this very simple expedient of shifting

the position of t)ie card with the changing season

of the year that the large range of the sun in

altitude between midsummer and midwinter is

pro-\-ided for. It is this expedient, indeed, which

constitutes the cardinal recommendation of this

imjDroved form of the instrument. The diagrams

in Fig. 6 represent to the eye the different forms in

which the strijis have to be cut to suit them for

the different parts of the year, namely, for the

1

1

1

1

X U- 1

1 + +-
-ffh 1

Fig. 6.—The form of the Three Strips of Cardboard wUich are
used for receiving the Register of the Sunshine Tracks at
different seasons of the yeaj.

summer, the equinoctial, and the winter periods.

The summer strijj is long enough for use during

eighteen continuous hours of sunshine, but the

winter strip only affoi ds the sjiace for twelve hours'

register. The equinoctial strip provides for the

requirements of the days that do not much exceed

fifteen hours in length. These three strips all adjust

themselves very nearly to the inner surface of the

cup when they are slid into their projaer grooves.

But there are different grooves provided for each of

the three different kinds of cards. The accom-

panying figure (Fig. 7) shows how the grooves are

arranged upon the

1|

Fig. 7.—Showing the Arrangements of

the Flanges and Grooves \mder-cut
into the Substance of the Brass Cup
to receive the Strips of Card.*

imier surface of

the cup to receive

the strips of card.*

The groove from

1 to 2 provides a

place for the long

slip of summer, the groove from 3 to 4 accom-

modates the equinoctial strip, and the groove from

5 to 6 receives the shortest strip, belonging to

the season of winter. The grooves, it will be

observed, are so arranged that their flat sur-

faces overlap at o and o, so that the track of

the focal image of the sun may not fall upon

This is shown also upon the edges of the cup at //, in.

Fig. 4.
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^ d

Fig. 8.—Showing how the
Curved Path of the Focal
Image of the Sim deviates
from the Flat Plane of the
Card.

an edge, or join, just when one season is passing

into the next. The surfaces of the cards are

still flat, like a strap, from edge to edge, when

the}^ are slipi)ed into their i)lace in the concave bed

of the cup. The focal point, which is formed by

the glass sphere, on the other hand, traverses a

2mth that is curved, and concentric with the surface

of the vitreo\ts globe. The transverse surface of

the cai-d departs from the curved path of the focal

image of the sun, as the line a b in the annexed

figure (Fig. 8) departs from the curved line, c d. But

tlie difierence of the two tracks is practically so small

^ ^ for the space that is com-

prised within the breadth of

the card, that no imperfec-

tion is caused in the regis-

ter on that account. The

utmost amount to which the

focal point can bo raised or

bent away from the flat surface of the card does not

•exceed the y^nd part of an inch, whilst the focal spot

burns sharply, and causes a well-definedbrandthrough

a depth of one-tenth of an inch. "White millboard,

tinted with charcoal or coloured with Prussian

l)lue, is found to give the sharpest trace under the

charring influence of the concentrated sunshine.

Blue-tmted slips, transversely graduated with white

lines, are, however, upon tlie whole, held to give

the best results.

Some little care is required to adjust the instru-

ment so that the spot of concentrated sunshine

runs accurately along the card from end to end.

The proof that the adjustment has been properly

made is that the burnt track comes out parallel

with the nearest edge of the card, as represented in

Fig. 5. When the accurate position has once been

.secured the instrument may be permanently fixed,

i\nd no further care will then be required than that

which is involved in changing the card at the end
of the day. The interval between the hour lines

traced transversely upon the card, oi-, in other

words, the distance traversed along the card by the

ljuvning spot in each hour, is three-quarters of an
inch.* The hour lines are parallel to each other

upon the equinoctial cards, but they are slightly

convergent radial lines upon the summer and winter

slips. The straight equinoctial cards have to be
used in March and the first twelve days of April,

and in September and the first twelve days of

October ; the long summer or short winter

curved cards are employed during the remaining
parts of the year. The equinoctial card, when

* In exact figures, the 0"754th part of an inch.

resting in its place in the grooves of the cup, forms

a segment of a flat circular ring. It is a portion

of a cylinder, having a semi-diameter of 2-89 inches.

The summer and winter cards, when resting in

their places, form portions of the surface of a cone.

If e in Fig. 9 be taken to represent the centre,

and s s he conceived to be a part of the

circumference of the glass sphere, then a b,

b c, and c d would i-epi-esent the positions of tlie

winter, the equinoctial, and the summer cards.

Fig. 9.—Showing in Section the Position of the three different

Cards up to the points of the intersection of their Planes at
h and c.

The three lines, a b, be, and c d, together con-

stitute a continuous track, which nowhere deviates

more than the J^-nd part of an inch from a circular

arc inscribed round e. The three lines from a to d

coiTespond to a circitlar arc of 48*^, which is slightly

more than the range which the sun traverses in

the sky between its high summer and low winter

meridian or noon-tide, altitude.

An interesting compai-ison has been made by

Mr. Whipple, the superintendent of the Kew
Observatory, between the records of simshine takeii

in 1878 at Greenwich and at Kew, which very well

illustrates the kind of service these new instruments

may be expected to render. Out of the 4,380

hours ditring which the sun was above the hoiizon

in that year, there were 1,427 hours of actual sun-

shine at Kew and 1,256 at Greenwich. This

difierence is mainly due to the circumstance that

Greenwich lies to the south-east of London, with

numerous large manufactories of various kinds

immediately on its north side, whilst Kew is to the

west of London, and remote from all large smoke-

producing establishments. That such is the case

is amply proved by the fact that the relative pre-

l^onderance of sunshine is materially influenced by

the direction of the wind. With north, north-east,

and south-west winds, Kew has but a very slight

advantage over Greenwich in the matter of sun-

shine ; with east and south-east winds, Greenwich is
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more sunny than Kew ; hxit with west, north-west,

and north winds, Kew gets considerably more sun-

shine than. Greenwich. The ultimate balance is so

much in favour of Kew on this account that it

enjoyed 171 more hours of sunshme than Greenwich

in 1 87 8. Mr. Whij^ple represents the preponderance

of sunshine at Kew, and the influence of north and

west winds in establishing that preponderance, by

means of a diagram, which is reproduced in the

accompanying figure (Fig. 1 0).

N

srw SE
Fig. 10.—Eepresentinor the Proportional Quantities of Simshine

experienced at Greenwich, and Kew in 1878.

The circular area is to be taken to express the

quantity of sunshine for the year at Greenwich,

and the multi-angular figure, a, b, c, d, e, /, g, is to

be regarded as the qiiantity for Kew.
The cross lines, N.W., S.E., and N.E., S.W., are

intended to indicate the direction of the wind. The
chief preponderance of the supply at Kew coincides,

it will be observed, with the prevalence of the

north-west wind.

The daily allowance of sunshine, reduced to an

average for the entire year, was 3-3 hours at Green-

wich and 3-6 hours at Kew.
The number of hours of sunshine at the two

places in each month of the year was that which is

given in the following tabular summary.

Hours of tSKHshinc.

At Greenwich. At Kew.
In Januarj- 18-7 38-7

,, February 36-4 72-5

,, March . 99.3 101-1

,, April 71-8 74-9

„ May . . . 147-1 140-5

„ June . 267-1 . 223-2

„ July . 167-3 . 183-5

„ August . . 158-6 . 203-7

September 105-6 . . 133-3

„ October . 101-1 120-2

November 56-6 81-3

,, December 27-0 54-5

Total . . 1,256-6 1,427-4

From this table, it will be seen that May and

June were the only months in the year 1878 in

which the allowance of sunshine at Greenwich was
in excess of that at Kew.

THE ZODIA
By Johx I. Plums

Late Astronomical Observer

FPON a moonless night in the early spring, and

several hours after the sun has set, we cannot

fail to notice a conspicuous phenomenon which then

makes its appearance near the western horizon.

Rising in an oblique direction to a considerable

elevation is a hazy cone of soft light, that might be

mistaken, biit for its definite form and the lateness

of the hour, for the last fading gleams of twilight

(Figs. 1, 2). In brilliancy it about equals the Milky

Way, and like it, also, its ^^osition among the stars is

fixed, so that it gradually sinks down with them as

evening advances, but without any diminution of

lustre other than may be caused by the haziness of

the sky. Although the position of the apex of the

CAL LIGHT.
ER, M.A., F.R.A.S.,
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cone may be determined with some precision, and

the direction of its axis is distinguishable with

some accuracy, the outline fades so imperceptibly

into the blue expanse of the heavens that it is

impossible to trace with certainty its full extent.

At the ojiposite season of the year a precisely

similar phenomenon may be Avitnessed upon the

other side of the sun or before sunrise. This

has been well and poetically termed the False

Dawn by the inhabitants of Eastern counti-ies,

whose skies admit of its frequent observation. A
little consideration will show us that each of these

cones of light must exist on either side of the sun

at all seasons of the year, and that nothing prevents
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lis from so observing them but the peculiar position

in the lieavens that they may occupy and the pro-

longed twilight in northern climates. The latter

especially, equally with the light of the moon, is

fully sufficient to mask so ill-defined and hazy an

illumination, and is a freqiient cause of its invisi-

bility. We may therefore be prepared to hear

that the zodiacal light forms a much more distin-

guishable feature in tropical regions, where the

has risen before the eastern one has set, and that

the entire stretch of these wing-like appendages to

the sun occupies more than 180^ of longitxule, or

half the vault of the heavens. Such simultaneous

appearances, while they give us a better idea of

the form and actual extent of the zodiacal light, are

exclusively to be seen near the equator, for, as we

shall see later on, the season most favourable in

temperate climates for seeing the eastern })ortionL

Fig. 1.—The Zodiacal Light as observed at Oesat, France, is March, 1874.

duration of twilight is less, and where the direction

of the axis of the cone is never less favourably

situated than it is in the month of March in

England. There is, however, insufficient evidence

to show that it is either more brilliant or more
extended than it is with us.

Upon a few occasions, however, a more compli-

cated aspect of the zodiacal light has been wit-

nessed. Humboldt has put it on record that

during his sojourn in South America he has seen

iit the same time, at or near midnight, the illumi-

nated cones on either side of the sun, and his

observations have been confirmed by others. What
this implies is that the apex of the western cone

171

would be the most iinfavoural)le for seeing the*

western, and vice versa. By admitting their cor-

rectness, however, we are brought to the important

conclusion that, occasionally at least, the matter

composing the zodiacal light extends from the

sun as far as, or even farther than, the earth itself,

i.e., that its diameter exceeds 180,000,000 miles.

Whether this is a permanent condition may per-

haps be doubted, but it is beyond dispute that the

orbits of Mercury and Ven^is are always included

within its limits.

Several observers concur in stating that the

colour of the zodiacal light is decidedly yellow or

orange, though to ordinary eyes it generally appeare.
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of tlie same j^ale white which has given to another

and entirely different phenomenon the name of the

Milky Way. If, as we shall find reason to believe,

its light is derived exclusively from the sun by

reflection, we cannot expect that it would be pos-

.sible readily to detect the slight excess of yellow

-vvhicli distinguishes the light of that body.

Tlie common axis of the cones of light, whenever

they are visible, occupies an invai'iable position in

the lieavens, and is either precisely upon that great

circle of the sky which is called the ecliptic, or lies

.so nearly thereto that it is difficult to decide whether

it may or may not be inclined at a small angle to

that plane. In this fact we have an indication of

its planetary nature, for it will be remembered that

all the planets revolve round the sun in orbits that

lie very near this plane. We liave also the explana-

tion of its apparently capricious character, as the

ecliptic, unlike other great circles, is variously

inclined to the horizon at different seasons of the

year.

As this most important circle is the course ap-

jjarently described by the sim among the stars

during tlie year, and is the actual path which the

earth itself would appear to trace out if its motions

-were viewed from the sun, we may perhaps

advisedly give some means of identifying its

position. If aboiit the time of the vernal equinox

(March 21) we take our station shortly after sun-

set^ we may easily trace out the ecliptic from a

knowledge of the position of the celestial equator.

'This latter circle spans the heavens from the east

to the west point of the horizon, rising as far above

it in the south as is equal to the co-latitude of the

place (90°^—the geographical latitude). The other

half of the equator, the continuation of this curve,

is of course below the horizon. It is, in fact, the

diurnal path of the sun during the twenty-four

hours iipon this day of the year. Now the ecliptic,

along which we shall find the zodiacal light extend-

ing itself, and near which will be found all the

major planets, is a circle passing similarly through

the east and west points of the horizon on this day

:and hour, and still further elevated in the south

portion of the sky by 23^°. Thus the zodiacal

light at this season in the evening rises from

the western horizon at a considerable angle,

approaching to ferpendicularity, and boldly sepa-

rates itself from the decaying twiliglit. At the

autumnal equinox, however, the other half of the

ecliptic is above the hox-izon at the hour of sunset,

the half that dips below the celestial equator by

the same angle of 23^° and the direction

of the zodiacal light will make but a small angle

with the horizon, and will thus fail to free itself

from the haze and twilight that lingers near the

horizon in temperate and particularly in insular

climates. The direction of the axis of the cone

with reference to the horizon varies therefore to

the extent of and in the latitude of London it

may amount to 62°, or may fall as low as 1.5°, the

maximum angle corresponding to the eastern ex-

tension, or portion visible after sunset, in spring,

and to the western extension, or j^ortion visible

before sunrise, in autumn.

The true form of the body, whatever it may be,

that is thus seen on either side of the sun when-
ever his resplendent orb is hidden may nov/ be

comprehended. We have but to I'egard it as a

flattened disc or lenticulaily formed Ijody viewed

edgewise from the earth, — an enormously ex-

tended envelope of the sun, possibly of extreme

tenuity, but none the less an integral portion of

that body, which exists only in a definite direction

or upon the plane of the ecliptic. From observa-

tions that have been made during the total eclipse

of the sun visible in America in 1878, there is

even reason for believing it to be a portion of the

solar corona,* while its strangely flattened form

I'eminds us forcibly of the rings that suri'ound the

planet Saturn, or of the figure which, according to

the celebrated liy2)othesis of Laplace, the solar

nebula, and each of the planets that separated

themselves from it, must have assumed previously

to their formation into solid bodies,t

Having been able to identify the zodiacal light

with the sun, it will be well next to inquire whether

it is affected by any of the changes to which that

body is liable. The principal of these variations, so

far as at present known, is an altei-nation of seasons

of activity and of compai-ative rest in the eruptive

forces of the sun, as indicated by the greater or

lesser number of sjiots upon his surface. Though

subject to slight irregularity, these periodical

changes recur upon the average at intervals of

about eleven years (Vol. I., p. 319). Unfortunately

the zodiacal light has not been watched with suffi-

cient care to enable us to say whether it waxes aud

wanes in complete sympathy with these forces, but

a strong suspicion exists in the minds of those who

have paid some attention to the subject that its

brightness is vai'iable. There can be no doubt that

in 1874, when sun-spots were numerous, the zodiacal

light was much more conspicuous than in 1880,

* " Science for All," Vol. II., p. 83.

t "Science for All," Vol. II., p. 116, Fig. 7.
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when these spots were rare. From the observations

on tlie sohir corona which liave been assiduously

made during the last twenty years, wlienever a

total eclipse of the sun has rendered them possible,

there is little doubt that its extent and brilliancy

vary in a marked manner with the intensity of solar

activity, and this may fairly be regarded as strongly

confirming the suspicions already entertained.

That these two phenomena are either identical

or very closely associated is not only shown by the

obser\ations mentioned in the paper previously

referred to, bnt also by a similarity of spectrum.

The inner portion of the corona is distinguished by

some very remarkable bright lines, one of which

—

and, indeed, the most conspicuous of them—is a

yellow-green line, which cannot be identified as

appertaining to any known terrestrial element, but

towards the outer portion these lines one by one

fade out, and are replaced by a faint continuous

spectrum, in which no dar-k absorption lines can be

seen. It is probable that they exist, and that the

light itself is merely reflected sunlight, in which

case it v/ould be crossed by all the fine dark lines

that characterise the solar spectrum. In the faint

light of the corona, after it had been still further

weakened by its dispersion by the prisms, it is not

to be expected that such delicate lines could pos-

sibly be traced. As the polariscope gives the like

evidence, we are justified in concluding that while

the inner part of the coi'ona is self-luminous the

outer portion is not, but is capable of reflecting a

proportion of the fierce light that shines upon it

;

and furthei-, that the extreme limits of the self-

linninous region shine by virtue of a single line

on tlie confines of the green and yellow of the

si>ectrum.

The spectrum of the zodiacal light has been in-

vestigated by two able speetrosccpists, and although

their results are opposed to each other, neither is

contrary to the theory which we have already laid

dov.Mi. Dr. Angstrom finds that the light is com-

posed mainly of the bright line for which we have no

terrestiial equivalent, and Professor Piazzi Smyth

tliat it is a faint continuous spectrum, without lines,

either bright or dark, in all respects similar to that

of tlie outward part of the corona, or faint re-

flected sunlight. The latter authority has explained

the discrepancy on the ground that the observations

of A ngstrom having beer made in the latitude of

Stockholm, where the Aurora Borealis is of so

common occurrence, have been A itiated by the pre-

sence of that light, or, in other words, tliat the

spectrum he has observed is one of the lines of the

Aurora, and that the fiiint continuous spectrum'

proper to the zodiacal light he has overlooked.

Though this explanation is quite allowable and has

been generally accepted, it would seem more com-

plimentary to the discrimination of the veteran

spectroscopist to suppose that he had hit upon the

interior part or core of the zodiacal light, from

which the yellow-green line had not entirely faded,,

while his later competitor, in the more favourable

situation of Palermo, being under no necessity t»

seek out the most conspicuous part, had failed to

detect it.

It is necessaiy to point out that this explanation

of the nature of the zodiacal light is one that has.

only recently found favour with astronomers, and

that the more common theory has been that the

sun is surrounded by myriads of meteoric bodies-

slowly gravitating in spiral orbits upon his surface,

after having been detached from the trains (not

tails) of the numerous comets that have passed

round liim. Such bodies certainly exist in the

near neighbourhood of the sun, and each will reflect

a small quantity of solar light, just as an exceed-

ingly minute planet might do, but it is doubtful

whether they would be able in the aggregate to

aSect the eye with the brilliancy of the zodiacal

light. But the main difficulty that this explanation

has to encounter is, that whereas comets jiass round

the sun from every direction of space, and thus

furnish that body with these attendants on all

sides, the zodiacal light is derived from one par-

ticular and somewhat narrow region only.

On the other hand, if we regard the light as

being reflected by an extension of the gaseous or

cloudy corona, we are met by the diflioulty that

such a form of the solar atmosphere is opposed to

our ideas of the behaviour of gases under ordinary

circumstances, and we are bound to admit that

further knowledge of the subject is loudly called

for. Of the two difficulties, no doubt the latter is

to 1)6 jDreferred, as more likely to submit to a

legitimate explanation, and which is equally re-

quired whether the theory is correct or not.

An atmosphere thatextends so far should certainly

be of an exceedingly rarefied description, and that

it is .so we have some evidence. As ah-eady stated,

the two interior planets, Mercury and A^enus, have

their orbits almost entirely included within its

limits, and yet we are unable to detect the slightest

A aiiation in the form of these orbits, consequent

upon the impediment to their motions which even

a medium of extreme tenuity would be able to

produce. The general result to be anticipated from a
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inedium capable of offering some resistance to the

motion of a planet would be that the orbit of the

latter would tend to contract, that the planet would
revolve round the sun at a less mean distance than

tively small bodies like the planets Mercury, Venus,
or the Earth are able entirely to disregard the sliglit

opposition they may encountei*. Comets, however,

whose mass is much smaller, and whose magnitude

formerly, and hence, that it would perform its

journey in less time. This effect, too, would be of

a cumulative character, since the cause would be

constant, and after the lapse of many revolutions

would become apparent, however small it might be,

if the rarity of the gaseous or cloudy obstruction

were not beyond our ordinary conce})tions. It is,

therefore, certain that solid, dense, and compara-

is more considerable, do not necessarily enjoy the

like immimity. Of the seven periodical comets,

whose frequent returns have enabled us to watch

their motions narrowly, one has certainly presented

to us the peculiarities of a body that suffers some

retardation of motion in its movements through

space. This comet, which is known as- Encke's, has

a period of little more than three years, which is
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being slowly reduced at the rate of about two

liours during each revolution. As tliere is no

cause known capable of explaining this fact in

accordance with the law of gravitation, it was long

since suggested by the illustrious astronomer whose

name it bears that tliere must exist in space a

resisting medium," opposing the free movement

of such bodies, and which is too attenuated to make

its presence known to us in any otlier mannei'.

Although this solution of tlie difficulty has been

generally adopted, it is not usually connected with

the zodiacal light; yet it is important to notice

that the comet which exhibits this peculiarity is

precisely that one of the seven which approaches

the sun most nearly, and thus passes through what

we must regard as the denser part of the zodiacal

extension of the corona. It would therefore be the

most affected by retardation, which is practically

insensible in all the other cases, if we except

a suspicion that has recently been entertained

of a still more minute reduction of period of a

second member of this family of comets.

Meagre as our information is upon the subject of

the zodiacal light, we may look upon the following

facts as certainly known regarding it :—1st, That

it is constantly visible on either side of the sun,

und is only hidden or masked in temperate climates

when its position in the heavens is favourable to

its being confounded with the fading twilight.

.2nd, That it is in the form of a disc or lens, of

which the sun occupies the centre ; that the dia-

ineter of the lens occasionally exceeds 180,000,000

miles, and perhaps seldom falls short of 150,000,000

miles, and that its thickness, though unknown, is

not considerable in comparison therewith. 3rd,

That its position in the heavens is invariable, and

eitlier coincides with the plane of the earth's motion

or lies very close to it.

It is to be considered as less certain, tliough

highly probable, that it varies in brilliancy, possi) ily

in dependence upon the recurring peiiods of sun-

spot frequency, but that it shines with equal lustre

from whatever portion of the earth it is observed.

It is also very likely that it consists of a jseculiar

extension of the ordinary corona or exterior

atmospheric envelope of the sun, the same that

has been traced during total solar eclipses to a

distance of five millions of miles from the sun.

While the spectrum of the zodiacal light may
laot have received all the attention it deserves, it

must be admitted that it is not a hopeful question

for further inquiry, owing to the faintness of the

light itself, and still more to the continuous form

of its spectrum. But it is abundantly pro\"ed that

if gaseous, the matter of the zodiacal light must be

of extreme rarity. The evidence deduced by the

spectroscope points with certainty to the fact that

it is merely reflected solar light, and that probably

no portion is self-luminous.

On the otlier hand, the theory that it consists of

meteoric matter slowly subsiding upon the solar

surface, or until the heat to which it is subjected is

sufficient to volatilise the constituents, although it

has been frequently advocated, cannot be held so

satisfactory as that previously shadowed forth. That

such meteoric matter exists, and doubtless performs

important functions in the solar system, is never-

theless a supposition on which the hypothetical

character of the zodiacal light need not necessarily

tlii'ow any doubt.

A PIECE OF AMBEE.
By F. W. EiDLEii, F.G.S.,

Curator of the Museum of Practical Geology, London.

\TOTHING would seem to be easier than to

JLi decide off-hand whether any natural object

which happens to fall under our notice should be

classed in the animal, in the vegetable, or in the

mineral kingdom. Yet the student of natural

science soon finds that these so-called " kingdoms
of nature," instead of being sharply separated one
from another, are surrounded by frontiers of a very
unscientific character. The wall that was supposed
to form an impassable barrier turns out, upon close

inspection, to be the frailest possible fence, which,

with the advance of knowledge, has to be broken

down first at one point and then at another. So

intimate is the comiection between the animal and

vegetable worlds, that it occasionally becomes a

nice question to determine whether a given organism

should find its place in the one sphere or the other,

or should not rather occupy a neutral border-land

between the two. But surely no such difficulty

can possibly arise in the case of minerals ! la
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the mineral world we come in contact with

bodies which not only have never possessed life,

but, so far as we can jndge, have been produced

without the operation of any living agency. Never-

theless, the mineralogist is not altogether free from

embarrassment. Like the zoologist and the botanist,

he finds it impossible to draw a hard and fast line

around the objects of his study, and there are times

when he is perplexed to know whether he should,

or should not, include a given substance in the

mineral kingdom. Take,, for instance, a piece of

amber. Is it to be called a mineral or not 1

A piece of amber is so familiar an object that it

is needless to occupy a single line in describing its

appearance or its properties. If we have not often

seen the amber in its rough state, we at least know
it well enough when worked into ornamental forms.

The string of amber beads, or the mouth-piece of

the meerschaum pipe, will furnish specimens to be

found in almost every household. So beautiful a

sul:)stance is naturally claimed as an ornamental

stone by all writers xipon gems ; it is described in

our standard treatises on mineralogy, and it figures

in every mineralogical system. Moreover, in some

parts of the world the amber is dug out of the

earth, and even systematically mined for, just as

any other mineral substance might be worked. All

this looks very much as though we should be

justified in regarding amber as a true mineral.

And yet it needs but a slight examination of the

body to suggest that the relations of amber lie

rather among vegetable products than in the mineral

world.

If we are in doubt about the nature of any given

substance, the safest course is to look for some

other substance, of known origin, which resembles

it so closely that a comparison may be fairly made
between the two bodies. In this way we may be

able to argue from that which is known to that

which is unknown, and such an argument from

analogy is jierfectly legitimate in any scientific

inquiry. Let us, then, seek for some amber-like

substance, of whose nature and origin we really do

know sometliinsj, in order that our knowledge df

this body may throw liglit upon the histoiy of a

piece of amber.

When it is required to ^jroduce an imitation of

amber, the manufacturer does not substitute any

other mineral substance, or even a piece of yellow

glass, but he has recourse to some of those resmous

bodies which are brought into this country for the

use of the varnish-maker. The favourite substitute

for amber is either copal or gum anime. Samples

of these bodies may be obtained at any drysalter's,

.

and on placing them by the side of a piece of amber
the similarity is unmistakable. In colour and

lustre, in transparency and refractive power, in

hardness and density, they rnn so close together

that it often requires a good judge to distinguish

between them, especially if the specimens hajipen

to be polished. The amber, it is true, is rather

harder, and less brittle, so that it is more easily

worked in the lathe ; but such differences escape

supei-ficial observation. Moreover, these resinous-

substances agree with amber in being fusible and

combustible bodies, and in being capable of solution

in the same liquids. Amber varnisli, for example,

luay be made by dissolving amber in hot oil and oil

of tvirpentine ; and in like manner copal varnish

may be made with the same solvents. Again, the

chemist finds on analysis that the amber, the copal,

and the anime have, speaking broadly, the sam&

ultimate composition. All these bodies contain

only the three elements called carbon, hydrogen,

and oxygen—elements which ai-e not characteristic

constituents of minerals, but are, on the contrary,

extremely common in vegetable products.

In fact, the copal and the anune are known to be

resinous bodies which have exuded from certain

trees. In many pai-ts of the world the formation

of these bodies may be witnessed in the forests,

just as the exudation of gum from a plum-tree may
be witnessed in oiir own garden. Knowing, then,

the vegetable origin of copal, we may fairly suspect

a similar origin

for amber. And
this suspicion is

converted into

something like

certainty when
we examine the

subject more nar-

rowly.

Onlookingover

a large number

of pieces of amber,

we may occasion-

ally findone which

encloses frag-

ments of vegetable

matter, such as

a bit of bark or a morsel of a leaf Some fine

examples of these vegetable enclosures are repre-

sented in Fig. 1. More frequently, however, the

included bodies are tlie remains of insects and

spiders, sometimes in a singularly beautiful state

rig-. 1.—Vegetable Eemains iu Amber.
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of preservation. A few typical forms are sliown

in Fig. 2.

The " fly in amber " Las come to be a proverbial

expression, and has furnished the poet with many

a metaphor. How such an object got into the amber

is not more puzzling than the famous problem as to

how the apple got inside the dumpling. The enigma

is immediately solved by examining a number of

pieces of copal and anime, for in some of these we

may be sure to find enclosures of almost the same

Icind. In the case of these resins, it is clear that

the substance when in a liquid state flowed over

the surface of the tree from which it was exuded,

Fig. 2.—Animxl Eamams iu Amber.

and having entangled any little insect which

liappened to be within reach,, slowly hardened

around it, and thus sjealed it up in a delicately-

tinted transparent shrine. Exactly the same kind

<if action explains the origin of the flies in amber.

They likewise must have been entraj^ped when the

enveloping substance was in a liquid condition
;

and we infer that the liquid amber when first

poured out must have been of tolerably thin con-

.sistency, since it has allowed the most delicate pai'ts

of the insect to be pi'eserved in an almost uninjured

condition, The occasional presence of a wing or a

joint of the leg at some distance from the body of

the insect tells of the hopeless struggle which the

imprisoned creatui'e must have made to free itself

from the viscous medium in which it was destined

to be entombed.

Soplentifid are such organic remains in association

with some of our modern resins, that anime is said to

have obtained its name from this circumstance; yum
uniine being an aiiimated gum. Incidentally it may
be remarked that the term gum should be restricted

to such bodies as are soluble in water, or are at

least softened by it, while the termresi/i is reserved

for those bodies which are not aSected by water.

Many natural exudations are mixtures of substances

belonging to the two classes, and are therefore termed

guiii-resius. If the natural resin, as it flows from

the tree, be mixed, not with gum, but witli oil, the

product is then known as a balsam.

It thus appears that resinous exudations are

not necessarily definite chemical compounds, but are

to be regai-ded, in most cases, as mixed bodies of

variable composition. Such, too, is the case with

amber. A careful chemical study of this material

show.s that, so far from being a simple resin, it con-

tains two or three dis1;inct kinds of resinous bodies,

with a small proportion of certain other constituents,

such as an acid called succinic acid.

One of these resins, however, is dominant, form-

ing neai-ly nine-tenths of the amber, and this prin-

cipal constituent has been isolated by Professor

Dana as a distinct mineral species to which he has

eiven the name of succinite. The amber itselfo
cannot in strictness be regarded as a true species,

inasmuch as it is a mixed body, and the scientific

notion of a mineral-species carries with it the idea

of homogeneity, or uiiiformity of composition. A
mixture of minerals is, generally speaking, a rock,

and not a mineral species.

Snccinum, from which the specific terra " suc-

cinite " is derived, was the Latin word for amber,

and this alone is sufiicient to show that even the

Homans connected it with sioccus, the juice or sap

or exudation of a tree. In fact, the occurrence of

oi'ganic I'emains enveloped in amber was much too

striking a fact to be overlooked by anyone who had

much to do with the material, while the significance

of these remains was easily understood, even by

unscientific observers. Pliny's account of the

origin of amber is sufiiciently accurate, and even

the myths of the ancient poets are not altogether

destitute of foundation. According to the Greek

legend, amber was the petrified tears shed by the

sisters of Phaeton, who were transformed into

poplar-trees while bewailing their Ijrother's death.

The idea of a vegetable exudation evidently lies at

the root of this legend.

Although several resins closely resembling amb?r

are produced at the present day, it can hardly bo

said that any true amber is now in course of forma-

tion. The trees which yielded amber flourished

during part of the Tertiary period, but have long

since become extinct. The resinous sxibstance

v.'hicli they produced became embedded in the earth,

and in course of time gradually hardened : hence
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amber is best described as a fossil resin. Literally,

the term " fossil " signifies sometliing which is

" dag up," the word being derived from the Latin

verb fodio, " to dig." It was accordingly used by

old writers to designate anything in the shape of a

mineral substance, such as apiece of iron-ore; but

in modern science the term has become conveniently

restricted to denote the remains of some organism,

dug out of the earth in a more or less mineralised

condition, and generally representing some form of

life which has become extinct. We speak, for

example, of a fossil shell or a fossil coral, and in

like manner we may refer to amber as a fossil

resin. Such fossil resins, notwithstanding their

organic origin, are admitted by courtesy into the

mineral kingdom. They mark the meeting-point

where the mineralogist and the botanist stand on

common ground.

Mineralogists are acquainted with a large series

of fossil resins, but amber is the only one of any

commercial importance. Thus, during the excava-

tions for Highgate Archway, there was found in

the London clay a hoiiey-yellow resin which has

been called Copalite, fossil copal, or Highgate

resin. It should be noted, however, that the term

"fossil copal" has also been ajjplied to the East

African copal of the present day. For it is

remarkable that much of this resin is found at

depths of two or three feet beneath the surface, in

districts near Zanzibar, where there is not at the

present day a single copal-tree. So again the

dammar resin, secreted by the kowrie-pine of New
Zealand, is often found embedded in the ground.

Such resins may perha2:)s be best termed semifossil

;

they diflfer essentially from amber and from other

resins which are truly fossil, inasmuch as they are

the products of trees now living, while the amber-

trees are altogether extinct.

It was shown many years ago by Prof. Goeppert,

of Breslau, that the amber-yielding trees must have

been closely allied to the pine-trees of the present

day. Pieces of wood, more or less altered^ are

occasionally found in such intimate association with

the amber as to prove beyond doubt that they

represent the very trees which yielded the fossil

resin. The amber is found attached to the wood,

or penetrating between the wood and the bark, or

even between the rings of the stem which indicate

annual growth. Fig. 3 shows the characteristic

microscopic structure of the wood of the amber-tree.

The principal tree has been termed by Goeppert

Pinites succinifer. Other trees, howevei', no doubt

contributed to the production of the resin. These

amber-trees, as we learn by studying the associated

remains, were accompanied by various species of
oak, beech, birch, willow, camphor-trees, ferns, and

other plants, mostly belonging, howeve]", to species

.

which are no longer living, and thus indicating the

remote antiquity of the amber flora.

As to the animal remains which are enshrined in

amber, these consist of just such creatures as we
might expect to find creeping over the trunks of

'

trees in the amber-forests. They are chiefly insects,

spiders and small crustaceans, like wood-lice. It is

not surprising that the spiders are especially nu-

merous, inasmuch as these creatures would be found

dwelling beneath the baik, or seated on the sm-

face of the tree in

such positions as

to be readily over-

whelmed by the

flowing amber. A
piece of a bird's

feather has been

recorded among
the enclosures in

amber, but it need

hardlybe said that

specimens with

small fish and even

frogs, such as are

occasionally of-

fered for sale as

remarkable curi-

osities, and are

often figured in

old works on na-

tural history, are

nothing but artificial pi'oductions. A suitable

piece of amber is skilfully hollowed out into a

cavity upon its under side, and into this cavity the

organism is introduced ; the orifice is then so neatly

sealed up that the mode of insertion is not detected

by an unpractised eye. It is worth notmg that two

pieces of amber may readily be united by smearing

the surfaces with linseed -oil, and pressing them to-

gether while, warm. In like manner, it is merely

necessary to steep the amber in hot oil in order to

soften it, so that it may be bent into almost any

desired shape.

Looking at the geographical distribution of am-

ber, it is clear that the extinct trees which yielded

this resin must have flourished over a very wide

area ; while the vast quantity of amber which has

for so many ages been obtained from the Baltic

coast indicates the local luxuriance of the amber-

Fig. 3.—Microscopic Structure of the
Wood of the Amber-tree [Pinites suc-

cinifer, Goeppert).
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pines. All over the wide plains of North Germany,

amber may be found, in association with the lignites

of the Tertiary series ; but its principal locality is

on the Prussian shores of the Baltic Sea, especially

between Dantzig and Memel. There it is found in

the " amber-earth," which is a loose clayey sandstone

presenting, when fresh, a bluish colour, whence it

is also termed " blue earth." The position of the

principal amber-bearing bed, in relation to the

overlying strata, is shown in Fig. 4. From the

rpper Diluviuiii.

Micaceous Sand.

:r-_--- =-r^-r^:^r^ " Wliite Wall."

,;V,"r;^;2^;;^.';J;i?;;:^^^^^^^ Green Sand.

'^y/wMy/MMJU, Quicksand.

— O o O —— o o <= Ambei' Earth.

Fig. ^..—Geological Section of the Coast of Samland, near Gross

Hubuicken, showing position of the Amber-earth.

presence of sharks' teeth and other fossils in this

blue earth, it is evident that the bed is of marine

formation ; while the diill and worn surface of the

nodules of amber which it contains naturally leads

to the supposition that the pieces of resin must have

been rolled about on the shore or washed by the

sea before they became embedded in this sandy

deposit. The amber-beds belong to that division

of the Tertiary series which is known as the

Miocene.

The chief, if not the only, locality where amber

is systematically worked by underground excava-

tions, is at Palmnicken, in the peninsula of Sam-

land, in Eastern Prussia. The earth from these

mines is brought to the surface and carefully

washed, when the pieces of amber are picked out

and sorted for the market. At many points along

the Pomeranian and Prussian shores of the Baltic,

the amber is dug from the soil or picked from the

cliffs. Sometimes the amber-gatherers explore the
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fiice of the cliffs in boats, and detach the amber by

means of long poles. Others, again, merely collect

the pieces which are cast ashore by the sea. The

waves beating upon the cliffs, or tearing up the

deep-seated beds, wash out the masses of amber.

After a storm the detached nodules are heaved to

the surface and floated to the shore. The amber-

fishers, clad in leathern dresses, wade into the sea,

and fish for the amber with nets, or pick it from

among the stones on the margin of the shore, just

beneath the sea-level, v;-hile, in deeper water, they

obtain it by dredging or even by diving.

Most of the rough amber finds its way to Dantzig-

and Ivonigsberg, where the trade is almost entirely

in the hands of Jewish merchants. Some of the

amber of commerce also comes from the western

coast of Denmark, and the substance is likewise

found on the south-eastern coast of Sweden. Occa-

sionally pieces of amber are cast upon the eastern

shores of our own island, especially near Aldborough,

in Suffolk. It was also dug up, many years ago, in

the old gravel-pits at Kensington. Some beautiful

varieties of amber are found in Sicily, and imj^ortant

deposits are known in the neighbourhood of Bologna.

It also occurs in the vicinity of the sulphur-mines

of Cesena, in the Romagna, and has occasionally

been found in Galicia, Silesia, Roumania, and

elsewhere.

Much of the Italian amber is remarkable for its

beautiful opalescence, or cloudy play of colour.

The colour of amber is subject to considerable

diversity, some varieties being of a pale primrose

tint, or even quite white, while others present a

deep reddish-brown colour, occasionally so dense as

to appear nearly black. The variety most prized

by the Orientals, who are great admirers of this

material, is the straw-yellow amber, slightly clouded.

Every Turk, however poor, strives to get an amber

mouth-piece for his pipe, not only because the sub-

stance is beautiful in itself, but on account of the

popular notion that it is incapable of transmitting

infection—a poiiit of some importance with peojjle

who hold it to be a mark of friendship to pass the

pipe from mouth to mouth.

Amber has been a favourite material for orna-

mental purposes fi"om a very early period. Homer,

as the Rev. C. W. King has pointed out, makes no

mention of any gem in his minute description of

various jewels save the aniber which decorated the

gold necklace offered by the Phoenician trader to

the Queen of Syra. It was one of the Seven Sages

of Greece. Thales of Miletus, who discovered the

remarkable property which amber possesses, when
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rubbed, of attracting light bodies.* This is the

very oldest experiment recorded in the annals of

electrical science. Indeed, the woi'd " electricity
"

conies immediately from electron, the Greek name
of amber. Possibly the word " electron " itself

had reference to the characteristic yellow colour

of amber, for it is notable that a pale yellow alloy

of gold and silver was also called electron. As
to our own modern Avord amber, it comes, like so

many of our scientific words, from an Arab source.

By the llomans amber was so highly prized that

Pliny tells us a small figure carved in this sub-

stance would fetch, in his day, more than a healthy

living slave. Poman ladies at one period were in

the habit of carrying a ball of amber in the hand,

for sake of the delicate balsamic odour which it

emitted when Avarmed in this way. The German
campaign of Germanicus led to an exact knowledge

of the great amber-yielding locality on the Baltic.

In the reign of Nero, who was a passionate admirer

of this substance, a Poman knight was despatched

to inquire into the amber trade, and thereupon the

king of the amber-gatherers sent a present of 13,000

pounds to the emperor. The chief amber-yielding

locality was known to the Pomans as Glesaria, and

the substance itself was termed by the old German
tribes gles, or glas, a word with which our modern

glass is closely connected.

It appears that when the Teutonic tribes settled

in this countiy, they brought with them much
amber, for beads and necklaces of this material are

common in our Anglo-Saxon burial mounds. But

there is indisputable evidence that amber was

known and prized in this country in pre-historic

times, probably ages before an Englis'hnian ever set

foot upon our shores.

If the reader will take the trouble to visit the

Brighton Museum, he will there find, carefully

treasured in one of the glass cases, the finest

example of ancient amberwork ever found in

this country. It is an amber cup (Fig. 5), holding

& good half-pint, and showing by the concentric

markings upon its surface that it must have been

turned in the lathe. This uniqiie specimen was
found, many years ago, in a tumulus, or burial-

mound, at Hove in Sussex. In the same barrow
* " How Electricity is Produced:" "Science for All,"

Tol. Ill, p. 51.

there had also been deposited a bronze dagger, a

double-edged stone axe, and a whetstone. It is

probable that the amber vessel was an imported

article, for it is doubtful whether such an object

could have been wrought in this countiy at so early

a period. But whether the workmanship be native

Fig. 5.—Ancient Amber Cup found in a Barrow at Hove, near
Brighton.

or not, it is almost certain that the raw material

was of foreign origm ; and it is a well-established

fact that a widely-extended trade in amber was

carried on at a very eaidy period.

Such enterprising people as the Phoenicians, the

Etruscans, and the early Greeks, tempted by the

great value of amber, pushed tlieir way fearlessly

across Europe, and came into commercial relations

Avith tlie peoples of the North. By intercourse

with the tribes dwelling on the Prussian and Danish

coasts, amber was freely obtained, and carried to the

south of Europe by these early pioneers of com-

merce. It was thus that amber was to be had at

Olbia, on the Black Sea, or at Adria, at the head of

the Adriatic, or at Massilia, in the soutli of Gaul

;

and from these ports it was readily distributed

throughout the civilised world.

It is curious to reflect how so trivial a substance

as the fossil resin of the Tertiary pine forests became

in this way a means of opening up, at a very remote

period, imiJortant lines of commerce between the

north and the south of Europe, and by thus bringing

distant peoples into relation with each othei",

assisted in dispersing a knowledge of the arts of life

over a vast area. A piece of amber, in short,

became a powerful factor in the early history of

European civilisation.
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LIFE ON THE SUEFACE OF THE OCEAN.
By H. N. Moseley, M.A., F.R.S.,

Fellou- of Exeter College, Oxford, late Naturalist onboard H.M.S. "Challenger."

ALL of us are more or less familiar with tlie

abundance of the living things which inhabit

the sea coast, and with the variety of theii- forms.

There are few indeed who have not gazed with

wonder into a rock-pool at low tide and admired

the brilliant clusters of sea anemones, the bright

red star-fish, the darting prawns, crawling or swim-

ming crabs, and the little fish sheltering under tlie

weed. At all events, if such things have not be-

come well known to us in their natural abodes, we

have daily opportunities of studying their habits

and appearance at leisure in oxir aquariums. But

it is only the inhabitants of the shores with which

we thus become acquainted, and we might be a[)t

to su^ipose that such animals fairly represented the

fauna of the ocean generally—that the main mass of

living things by which the ocean is inhabited is of

similar habit, clinging to the shores or the bottom,

and adapted in structure for such existence. Such,

liowever, is not the case; the surface water of the

oceans, which cover in area nearly three-fourths(seven-

elevenths) of the surface of the globe, teem with

life, being crowded almost everywhere with peculiar

\egetable and animal forms, which are specially

modified to lead a free floating or actively swim-

ming existence on the high seas, and which in

actual numbers of individuals probably far surpass

all other living things found on the earth, whether

at the sea bottoms or on the land surfaces. These

]i3culiar ocean-living plants and animals are techni-

cally termed pelagic (Greek, Pelagos, ocean), or

oceanic, and constitute the pelagic flora and fauna.

With pelagic plants and animals those who stay at

home or merely make short voyages near the coasts

of Great Britain have little

opportunity of becoming ac-

quainted. Now and then,

after stormy weathei', some

few of these animals are cast

lip on the shores, and there

may be found there such ob-

jects as the blue shells of the

beautiful pelagic snail lanthina (Fig. 1), or the

floating bladders of the Portuguese man-of-war,

which sometimes explode under the feet of the

walker on the sands. When washed ashore, how-

ever, the pelagic animals become at once mere

wrecks. Their bodies are excessively perishal)le.

lanthiua.

and they collapse and shrivel up immediately they

cease to be supported by the surrounding water.

There ai'e nevertheless some places at which

the majority of pelagic animals, owing to peculiar

circumstances, can be caught near shore, in abun-

dance, and examined at leisure by the naturalist

on terra firma. Foremost amongst such localities

stand oceanic islands : such, for example, as

Madeira, where most important investigations into-

the structure and life-history of very many such

animals have been made by Prof. Haeckel of Jena,

and which is much resorted to by other naturalists

for the same purpose. Oceanic islands stand, of

course, in the midst of the area occupied by the

pelagic fa\ina. Other productive localities occur in

narrow straits, whei*e there are constant currents-

which carry tlie pelagic animals through them from

the open seas. The Straits of Messina thus aftbrd

a rich harvest to the naturalist, and similarly some

of the sea passages in the Philippine Islands were

found by us daring the cruise of H.M.S. Challenger

to fill our nets with pelagic prey as the tidal cur-

rent ebbed and flowed through them.

It is, liowever, reserved for those who go on long

voyages and spend months or years upon the ocean

to realise fully the vast abundance of })elagic life. It

is truly astonishing, during a sail of two or three

days on end, to see, whenever one glances at the-

sea surface, the whole area thickly set with small

masses of jelly, which, as a naturalist, one knows to

l)e the compound organisms called Eadiolarians.

The whole surface of the sea, far and wide, in some

regions, appears full of these organisms drifting

about, in some places scattered, but nowhere more

than a foot apart, and in other places clustered

together densely in long stream-like bands.

To catch the pelagic animals and plants a simple

net, called a tow-net, is used. It is a conical-shaj^ed

bag net of fine gauze or bunting, stretched at the

mouth on a hoop of iron wii-e : in fact, very like

a butterfly-net without a handle. The net is towed

slowly through the water, and gathers all that

comes in its way. It is tlieji drawn in and turned

inside out, and the muslin bottom is washed in a

globe full of fresh sea water. It is a Avondrous

sight indeed to see, after a good catch, the im-

mense variety of living things which, thus being

washed ofl" the inside of the net, are set free-
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swimming in the bowl, some minute, scarcely visible,

some large, some darting violently about, others

leisurely swimming, others, again, floating pas-

sively in the eddies in the bowl. If it be

dark some gleam brightly with phosphorescent

light. We will consider first some of the jielagic

plants, and then have a look at some of the

animals.

The sea surface in many regions is crowded with

vegetable life. Everywhere in the ocean amongst

the contents of the tow-net are to be found living

diatoms, lowly organised plants, allied to ordinary

.sea-weeds, but consisting mostly of single micro-

.scopical cells. These cells have each a coating of

flinty matter, which is marked all over with beautiful

symmetrical patterns. Diatoms are hence well known
to all who possess a microscope, being the most

beautiful objects to be observed by means of this

instrument. They inhabit fresh waters as well as

salt, and the shores and sea bottoms in shallow

water as well as the open oceans. They are

especially numerous on the sea surface in the Arctic

and Antai'ctic regions, where they are so abundant

as to tint the water and colour the ice on to

which they are washed up of an olive-yellow hue.*

In tropical waters another lowly organised plant,

allied to the diatoms, but without any hard flinty

coating to its cells, abounds. When it is present

in quantity the water looks as if it were full of

minute fragments of chopped hay. The minute

plants causing this appearance, when examined

with the microscope, are found to consist of

brown fiiggots of miniite threads, each thread

made up of a row of little cells. In some species

the threads are not joined together in faggots,

but massed in little rounded tufts, with the threads

all pointing oiitwards. These plants belong to

the genus Trichoclesmium (hair bundles). When
tracts of tlie sea, lighted up by the sunlight, are

passed through which are full of this plant, the

water, when looked down into from the deck of a

ship, appears as if full of glittering particles of

mica, so strongly is the light reflected from the

minute bundles of which the plant consists. In some

tropical seas the whole surface of the water, far and

wide for hundreds of miles, is discoloured brown

with this plant, and a strong smell arises from the

Avater, Ijke that from a weedy pond. So abundant is

Trichoclesmium in some seas, that one of the explana-

tions of the name of the Red Sea is that the term

was derived from the discoloration of the water by

*"The Colour of the Sea:" "Science for All," Vol. III.,

pp. 17-25.

vast quantities of one species of it. (Vol. III., p. 23,

Figs. 3-7.)

But besides these microscopic plants there are

other much larger ones which are pelagic.

The Avell-known Sargasso Sea is filled with the

large tufts of a sea-weed not very unlike the common
yellow-brown slimy weed, covered with little

bladders l^Fucus vesiculosus), which grows so abun-

dantly on the shores of Great Britain. The weed

of the Sargasso Sea, Sargassivm hacciferum (beriy-

bearing), is so named from its bearing all over

little spherical bladders, which act as floats and

support it in the water. On many tropical coasts

this Gulf-weed grows attached to rocks, but in the

open ocean it lives, grows, and multiplies, floating

freely hither and thither with the current or wiiid.

When thus living free it is of a most brilliant yellow

colour, which contrasts most beautifully with the

deep blue of the open ocean. Other sea-weeds grow
floating freely in other parts of the world.

Were it not for the abundance of vegetable life

in the surface waters of the ocean, there would be

very little animal life there, since all animal life is

eventually dependent on that of plants.

Let us now consider some of the pelagic animals.

Nearly all the common animals which we spoke of

as familiar in rock-pools on our coasts have repre-

sentatives which live free, floating far away from

land
J
but these representatives are all modified in

some way or other, to suit their peculiar pelagic

life. Thus, there are even pelagic sea anemones.

The sea anemones of the coast, it is well known,

clmg to the rocks by means of a broad, flat, adhesive

disc ; we have all of us pulled them off their sup-

ports to p\it them in aquariums, and know what

the disc is like. In the pelagic anemones the edges

of this disc are brought together, and the disc itself

is formed into an air-chamber, by means of which

the anemones float base uppermost at the surface.

On the voyage of the Challenger we found numbers

of such anemones floating on the surface, near the

Virgin Islands, West Indies.

There are similarly pelagic worms. They swim

with great rapidity, and are like nearly all other

pelagic animals, perfectly transparent and glass-

like in appearance. By being so transparent the

pelagic animals are protected from enemies of

all kinds, fi'om oceanic bu'ds, fish, and turtles.

It is almost impossible to see most of them in

the water when peering into it from a small

boat : they are only descried when turned out of

the net into the bowl ; even then the. pelagic

worms are difficult enough to see. No doubt pelagic
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ranimals have become tlins ti'ansparent through the

action of natural selection. Some of them cannot

manage to do without some part of their organs being-

opaque ; in these cases they have such organs most

usually coloured brown, to resemble the floating

sea-weed, and so escaj^e observation. Those that

are not coloured brown are mostly of a beautiful

blue colour, to match the colour of the sea, and

thus hide themselves.

Many of the pelagic animals are like the floating

anemones and worms, animals which have apparently

sprung in comjiaratively recent times from ancestors

which lived in the waters of the shores or on dry

land, and which have become modified in more or less

Hinimjjortant particulars of their structure to adapt

them to pelagic existence. JMany other inhabitants

of the ocean surfaces, on the other hand, have no

immediate relatives in-

habiting the coast waters.

The groups which they

compose are pelagic only,

and have evidently lived

for vast periods of time

an oceanic existence.

Such a group are the

Pteropods, for example.

These are small moUusca,

distantly allied to the com-

mon snail, more nearly

to the cuttle-fish, but forming a group quite apart

-from the rest of the Mollusca. They are most

beautiful animals—the butterflies of the ocean

(Fig. 2). They are all small, mostly under a half

or a quarter of an inch in length
;

they have a

pair of wing-like fins attached to their heads, by

means of which they swim with great rapidity,

flapping the fins as a butterfly does its wings. It

is astonishing to see one dart round a glass globe

when set free from the towiirg-net. jMost of them

have their bodies enclosed in beautiful transparent

.shells, from which the wings are protruded for

swimming, and into which they are drawn back

when danger threatens. These animals in the

Arctic seas are so abundant as to form the food of

whalebone whales.*

Another group of animals which is entirely

jielagic is the Slplionopliora. These are compound
colonies, made up, as in the case of coral trees, to

which they are allied, of numerous animals joined

together in one mass for mutual benefit. Some
members of the colony act as swimmmg organs, and

propel the whole mass through the water ; others

* "Science for All," Vol. III., p. 21.

Fig-. 2.—Cleodora.

catch the food and deliver it again to another set,

whose sole function is to digest it and nourish them-

selves and the wliole colony ; other members, again,

produce and rear the young, being the nurses of the

colony, whilst others, again, protect the colony from

enemies by means of batteries of stinging organs.

There is a great variety of kinds of these curious

compound colonies of animals, the Hiplionoplbora.

The various animals composing each colony are

joined intimately together in a single continuous

jelly-Hke mass. In some the swinuning members

of the colonies are very active indeed, and Ijy their

means each colony darts about with great rapidity

through the water.

Some of the colonies are supported at the surface

of the water by means of a large float, beneath which

hang the various members composing them. The

Portuguese jMan-of-War {Physalia uhiculus) is one

of these. In the accompanying figure of this animal

(Fig. 3) is seen the bladder-like float above, whilst

beneath are a series of

flask-shaped objects.

These are the larger

animals ofthe colony,

which devour the food

and digest it. At the

tips of the flasks are

situated the mouths.

Above the bases of

the flasks, close under

the float, is seen a

fringe hanging down.

This is composed of

numerousvery simple

animals, which catch

the colony's food.

Some of them hang

down as long threads,

which tln-eads are full

of the stinging cells

already referred to,

and the eflects of

which many bathers

know too well.

The Gulf-weed of

the Sai-gasso Sea is inhabited by a fauna ]jeculiar

to itself, all the animals composing- which are

specially adapted to their life amongst it.

They are all coloured, for purposes of protec-

tion and concealment, exactly like the weed

itself. The peculiar shrimps and jorawns which

swarm in the Aveed are of exactly the same shade

of yellow as it, and they have irregular glistening

3.—Portuguese M;iii-of-"War
(Phijsalia ubicidus).
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white mai-kings on their backs, which exactly

match white shelly incrustatioiis foi'med abun-

dantly on the weed by microscopic componnd

animals. Some of the animals resemble the older

browner pieces of weed, and nestle amongst it

;

others, the younger and yellower pieces. There is

a small, stumpy-looking fish which lives amongst

the weed, and clings on to it by means of curious

long arm-like fore-tins. It makes a nest of the

weed, binding together a globular mass of it as big

as a Dutch cheese by means of long sticky gelati-

nous strings, which it forms for the purpose, and

in the centre of the nest it deposits its eggs. Such

nests are common objects amongst the weed. This

little fish, of which the accompanying woodcut is an

illustration, is called Antennarius (Fig. 4). It is

covered all over with curious projecting outgrowths,

which are branched at the ends, and which resemble

verymuchsmall tipsof the branches of sea-weed. Tiie

Fig'. 4.

—

Antennarius mannoratus, a Nest-biiildiug Fish.

fish itself is of the same colour as the weed, mottled

with white spots, and when in its singular fashion

it clings to a branch of weed in the water with its

long fore -fins, much as a frog holds on to weed in

a pond with its arms, it is very difiicult indeed to

detect it, so closely does it resemble the object on

which it rests. This fish is adapted only to live

amongst the weed. It is a very feeble swimmer,

and, if it gets washed away from its home,

drifts before the current. It is sometimes thus

found on the shores of Great Britain, though a

troi^ical fish, having been carried to our coasts by the

Gulf Stream. There are worms and seaslugs also

inhabitants of the Gulf-weed, and coloured like it,

and other animals which cannot here be described.

The fish of the open ocean are peculiar, and

mostly different from those which inhabit the coasts

of continents. Amongst pelagic fish, the best

known, no doubt, are the flying-fish (Fig. 5). There

are two very different sets of flying-fish ; there are the

flying-fish proper, with small heads and hemng-like

appearance, allied to the long-snouted garfish of our

southern coasts ; and the very different broad-headed

flyuig gurnets. In both the fore or breast-fins

have become developed into organs of flight ; but

the flying gurnets and the other flying-fish are not at

all related to one another in other details of their

structure, and no doubt they have developed their

powers of flight quite indej^endently by the aid of

natural selection. Most probably they gradually

arrived at powers of flight from being constantly

chased by large [)redatory fish, such as albacores.

I have seen a shoal of little garfish, when chased hy

an albacore, skipping along on the surface of the

water in front of their enemy, just keeping them-

selves out of the water and of his reach by violent

efforts of their fins and tails. It is easy to con-

ceive that those who manage to keep above water

longest would survive, and that in the course of

generations this Avould tell upon the race and gra-

dually give rise to powers of short flight. The

flying-fish allied to the garfish belong to the genus

Exocmtus, of which there are many species. It

is these Avhich are most commonly seen by voyagers

starting out of the water in flocks on either

side of a vessel as they are scared by her passage

through the water. They spring from the waves by

the help of a v iolent lash of the tail, and, with their

wings set out stiff, skim over the surface of the

water, the wings glistening in the sun, for as much
as eighty or ninety yards sometimes. Then, their

impulse being exhausted, they drop with a flop

into the water. It is a much-debated question

Fig. h.—Exoccetvs volitans, or Flying-fisli.

whether any flying-fish flap their wings at all whilst

in the air. As far as I have seen, the Exocceti

never do. Their wings quiver in the wind as they

fly, but remain fixed at their bases. Some of the

flying gurnets do, however, I am sure, flutter their
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wings. I once chased a beautiful little flying

gurnet, whicli inhabits the Gulf-weed. As I kept

coming up with it in a small boat, it rose in front

of the bows and seemed to buzz its wings rapidlj^

somewhat like some grasshoppers do as they fall

gradually to the ground after a short leap and

once when fishing with a fly-i'od for small fish at

the Cape Verde Islands. Playing it, was, however,

a very different matter from playing a trout. It

took a fly round me out of the water, dropped in,

and was out again in an instant, and soon shook

itself loose of the hook.

Fipr. C—Dactvlopteetjs, ok Flting Gukkets.

struggle into the air. The flying gurnets (Fig. 6)

are closely like ordinary gurnets, excepting in the

wing-like form of their breast-fins. They belong

to the genus Dactijlopterus (finger-wings). The

little species living in the Gulf-weed has its wings

brilliantly coloured, like those of a butterfly. A
large species is very abundant round the island of

Ascension, and I have stood in the bows of a steain-

pinnace, when coasting along the island, and tried

to shoot them on the wing as they rose right and

left like snipe before the vessel. I hooked one

The other pelagic fish most commonly met with

on voyages are the albacore and the bonito, both

allied to the mackerel and the tunny, rumiing up to

twenty or thirty pounds in weight or more. These

are sometimes caught by means of a spinning bait,

towed from the doljihin-striker of a vessel. Then

there is the so-called dolphin (Crt/7/y*/'a'H«),afine large

fish, beautifully coloured brilliant Ijlue and yellow,

a truly magnificent sight as seen from tlie deck of

a becalmed vessel, swimming leisurely round hei*.

Almost the only other fish very commonly met with.
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Ill the open ocean by the voyager is the pilot-fish

(^Naiicrates ductor), wliich swims just at tlie bows,

nearly touching the ship's side, for days and days,

probably thinking it is piloting a very large shark,

and hungrily wondering when the monster is going

to feed and leave it some crumbs. There are other

pelagic fish which are very small, and, like so many
other pelagic animals, have their bodies perfectly

transparent. These are often found in the towing-

net. Some are the young of fish which, when

mature, live on the sea bottom, but which in their

early days lead a pelagic existence.

The largest pelagic animals are, of course, the

whales. Their ancestor's, allied to the seals, no

doubt, in ages past, resorted to the shores at the

breeding season. Even now many of the whales

perform regular annual migi'ations. But of these and

the porpoises we cannot speak here. They are

instances of mammals which have adapted them-

selves to a pelagic existence. Some representatives

of almost all land animals have done likewise. There

are the pelagic birds, the various species of

albatrosses and petrels so well known to all voyagers

in the southern seas or Pacific Ocean ; and there are

even pelagic insects. A small insect, allied to the

long-legged insects (Gerrys) which are so commonly

to be seen resting on the surfaces of ponds and ditches

in England, moving along by a series of jerks, and

casting curious shadows on the bottoms of shallows

when the sun is overhead, is commonly to be found

in the towing-net when used almost anywhere in

the open warmer Atlantic or Pacific Oceans. The

insect is named Hcdohates, or the " sea-walker." It

is black coloured, with a globular-shaped body and

long less (Eig. 7). It is astonishing that it should

.be able to outlive the storms of the ocean.

But the most interesting of the pelagic animals

are, after all, those which

are microscopic. The

waters swarm almost

everywhere with minute

Crustacea of most various

forms. Some are red,

some blue, some endowed

with the most brilliant

conceivable iridescent

colours of all hues. Often

they are met with in such

vast quantities that they colour the water, and some-

times render it thick, like pea-soup. Some of them

liave most enormous eyes, so large in proportion to

their bodies that the animals appear as if they were

nearly all eye. One has a large projection from

Halobates.

the under part of its body, the only function oZ

which is to contain the back parts of the huge eyes,,

which stretch through the entire body and yet

cannot find room enough.

Of very great importance amongst the surface

animals are the pelagic Phizopods. Phizopods-

are extremely simple animals, the bodies of which

are composed of a jelly-like substance devoid of

organs of any kind. They can contract their body,

and can also push out small portions of it iii any

direction from any jiart of its surface, and by means-

of these lay hold of food, which is passed into the

jelly anywhere as may happen, and, lying embedded
in it, becomes digested. Some of these R,hizopods-

are provided with most delicate and beautiful cal-

careous shells, and some of these forms live at the

sea bottom, whilst others are pelagic. One of th&

most remarkable of the pelagic forms is Globi-

gerina. The pelagic globigerinae have a shell com-

posed of several globular chambers, which are

covered all over with most delicate spines. These

spines are very long, and form a regular forest over

the shell, and by increasing vastly the area of

resistance of the animal, they tend to keep it at

the surface of the water. The dead shells of the

globigerinse * and their allies drop to the bottom of

the deep sea, and there assist largely in the forma-

tion of the globigerina mud, the modern repre-

sentative of chalk, so well knoAvn from the writings

of Dr. Carpenter, Sir Wyville Thomson, and other

explorers of the deep sea.

The habits of pelagic animals are little known.

Many of them rise to the very surface of the sea at

night, and sink to some dejith during the day.

Others, again, rise in the daytime and sink at night.

It is not known with any certainty to what depth

the pelagic animals range : the question is of the

greatest interest. The animals are to be found

abundantly in tow-nets which have been let down
to a depth of a hundred fathoms or more; but when

an open net has been towed through the water from

any great depth, the animals foiind in it at the

surface may have come from any intermediate

depth, and been caught as the net was coming up.

However, from a series of experiments made on

board the Challenger, it seems certain that some

of the animals extend to a depth of more than a

hundred fatlioms. Very possibly there is a wide

expanse of water between the bottom of the deep

sea and the first two or three hundred fathoms

of its surface which is nearly or quite devoid of

life of any kind. We may hope soon to know

* " The Bottom of the Sea," Vol. III., pp. 79, 80, Figs. 1, 2.
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something certain about tlie i-ange in depth of oceanic

animals, for Mr. Alexander Agassiz, the American

naturalist, is engaged in experimenting with a net

which can be let down to any depth with its mouth

closed, then opened and towed along at that depth,

and then again closed before being brought to the

surface. Thus anything found in such a net will

certainly belong to the depth to which the net was

lowered. * Certain it is that at a depth of one hun-

dred fathoms there is no sunlight at all, so that the

animals living there or at greater depths must be

like those on the deep sea bottom, always in the

dark, excepting as regards the phosj^horescent light

given out by themselves or other animals.

The wonders and beauty of the phosphorescence

exhibited by the pelagic animals has formed the

theme of many writers. Many different pelagic

animals are jjhosphorescent, and the kind of light

emitted and the manner of its appearance vary,

according to the nature of the animal causinsr it.

Sometimes the sea, far and wide, as far as the

eye can see, is lighted up with sheets of a

curious weird-looking light, and wherever the

water breaks a little on the surface before the

breeze the wliite foam is brilliantly illuminated.

This kind of ^phosphorescence is due to a minute

globular gelatinous animal named ]!^octiluca (p. 47).

Such displays as above described are comparatively

rare, and in order that they should occur, the

animals must be present in very great abundance,

the sky must be cloudy, and there mast be a breeze

to agitate the animals, and thus cause them to emit

their light more brilliantly. We saw only one such

scene during the whole of the C/iallenger's voyage

of three years and a half. It occurred in the

equatorial Atlantic Ocean, between the Cape Verde

Islands and St. Paul's Rocks. So bright was the

light that the lower sails of the ship were seen to

be distinctly lighted up by the light given off from

the broken water thrown up by the hull of the vessel.

At other times the water, where disturbed, is

seen to be full of small luminous scintillating

specks. This is the commonest form of phos-

phorescence in the open sea, and is due to various

small animals, principally Crustacea, which give

out their light by flashes. Some small Crustacea

are luminous apparently only because they feed

on the luminous matter of other animals.

The most beautiful kind of phosphorescence is

that produced by the curious ascidian colony

* Since the above was written, Mr. Agassiz has published an
account of his experiment, which shows tliat pelagic life cer-

tainly does not extend to a greater depth than 100 fathoms.
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Pyrosoma (fire-body). These compound colonies

are transparent masses of a cylindrical form

hollowed out inside into a tubular cavity, open

at one end. They are made up of hundreds or

thousands of similar animals, all packed in a

common jelly, one over the other, in the wall

of the tube. Each animal can take in water by

an opening situated on the outer surface of the

cylinder, and eject it through another opening into

the tubular cavity inside it. The animals breathe

and feed by thus drawing a stream of water through

their bodies, and as the water sent through by

all tiie members of the colony passes out of the

opening at the end of the cylinder, the cylinder

or whole colony is moved slowly tln-ough the

water, away from the direction of the opening.

A Pyrosoma colony, Avlien stimulated by a touch

or shake or swirl of the water, gives out a bright

globe of bluish light, which lasts for several seconds

as the animal drifts j^ast the ship several feet be-

neath the surface of the water, and then goes out

suddenly.

Pyrosomas are commonly found of about six or

eight inches in length. One was caught during the

Challenger expedition, in the deep-sea trawl, which

was a very giant. It was like a great sac, with its.

walls of jelly an inch in thickness. It was four

feet in length, and ten inches in diameter. When
a Pyrosoma is stimulated by having the surface

touched, the phosphorescent light breaks out brightly

at the spot irritated. I wrote }ny name with niy

finger on the giant as it lay in a tub on the deck,,

and it came out in a few seconds in letters of fire.

Most of the various forms of pelagic animals have

an almost world-wide range, so far as the temperature

of the water will allow. In being thus widely dis-

tributed they resemble the deep-sea animals, which
are nearly alike all over the world, from the coast of

Portugal to Japan. Many of the species of pelagic

animals occurring in the Pacific are slightly different

from those occurring in the Atlantic, though closely

allied to them. But it is remarkable how closely large

catches turned out of the towing-net in either ocean

resemble one another. The general components of

the mass caught in both places are virtually the

same. It would be impossible, were such not the

case, iir a paper such as the presejit, to give any
adequate concej^tion at all of the fauna and flora
of so vast an area as the ocean surface, that is to

say, of three-quarters of the eai-th's surface ; but as

already stated, it is almost impossible, without

the experience gained on a long voyage, to realise

the abundance and variety of pelagic life.
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A G
By Arthur I

PERHAPS few members of the insect tribes

are better fitted to attract oixr attention and

to stimulate a thirst for knowledge than that

which forms the title of this jDaper. Their vast

numbers in all three stages of their existence

almost force them upon our notice, independently

of other and well-known means which they possess

of making their j^resence felt. Common as they are,

though, it is perhaps pardonable to express a doubt

whether they are after all so familiar as to render

a definition of them entirely superfluous. It is not

every minute insect which dances in clouds on a

.summer evening that is entitled to the term. One
of these, distinguished for its feathery antennse, is

frequently mistaken for a gnat. Let us look at

this fellow for a moment, that by seeing what a

gnat is Jiot, we may the more accurately know
what a gnat is. It is called Chironomus phunosv,s,

and is represented here in Fig. 1. In Fig. 2 is

shown a magnified drawing of the head, from

which it will be seen that it is furnished with a

short proboscis, which is terminated by two large

fleshy lips. If this be compared under a lens with

the head of a larger and well-known insect—the

crane fly or daddy long-legs—we shall sec that the

structure of the mouth in the two insects is essen-

tially similar : in fact, that Chironomus is a daddy

long-legs writ small, with the addition of the

feathery (plumose, as it is called) antennje ; and

neither of these insects has the least power of

piercing or biting the skin, the fleshy lobes with

which the mouth is armed being adapted for suc-

tion only, as is the case with those of the house

fly, already described. Chironomus, too, difi'ers

from the gnat in being produced from a totally

diflerent larva—the blood worm, or figure-of-eight

worm, a creature sufiiciently known by its name.

Let us now look at one of the real culprits, the

nightly disturbers of our rest. Here is one taken

in the very act, and even a slight examination with

a lens reveals the fact that, instead of a short

fleshy proboscis, the head is furnished with a long,

slender, tubular organ (Fig. 4), of which more anon.

It is the presence or absence of this elongated pro-

boscis that decides the question of gnat or no gnat.

Reaumur tells us that the eggs of the gnat are

laid in a small boat-shaped mass, which floats upon

the surface of the water. The eggs are of an oval

form, with a kind of knot at one end, and are

MMOND, F.L.S.

arranged side by side, closely packed together

(Figs. 5, 6). The larvie which proceed from

them may be seen iir most stagnant waters during

spring and summer, and are familiar even to

children. They are in the habit of floating head

downwards, suspended by the taU—if we may be

pardoned the expression—from the surface of the

water for the purpose of respiration, whence, if

alarmed, they suddenly dive by a succession of quick

jerks to the bottom. We must cai-efuUy examine

this little creature, for we shall find it repay all

our attention. It will be seen from Fig. 7 that

the body consists of thirteen segments, one for the

head, three for the thorax, and nine for the abdo-

men. Each segment, especially those of the thorax,

is provided with a tuft of fine hairs, and it will be

specially noticed that the thoracic segments are

very much broader than the rest of the body, to

allow room for the formation within them of the

wings and legs of the future insect. The twelfth

segment has a long respii'atory appendage, into

which the main tracheae run, and which it exposes

to the air while suspended in the attitude before

described. Commencing our description with the

antennae, we shall find them to consist of a single

joint (Fig. 8), ornamented at about half its

length with a tuft of fine hairs. Two black patches

on either side of the head represent the eyes. Both

these organs of the senses are marked by a want

of finish, as compared with those of the perfect

insect : in the former it is evidenced by the absence

of joints, and in the latter by the absence of facets,

the eyes appearing to be little else than masses of

pigment beneath the skin ; but we shall not be sur-

prised at this when we recollect that the business

of the larva is chiefly to feed and grow, and so

lay up a store of nutriment in its body, in antici-

pation of its entry into the winged state, where all

the senses are brought to perfection. In conformity

with this, we shall find the mouth organs which

minister to this purpose very elaborately formed.

The most prominent of these are the mandibles

(Figs. 8, 9), which, instead of being adapted

for cutting and tearing, as in the cockroach, or

absent, as in the house fly, are now found as

brushes of hairs (ciliated, they are called—from

the Latin cilium, an eyelash), which, when employed

in the prehension of food, perform a succession of

rapid movements, being alternately thrust out and
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"witliclrawn from tlie mouth in a manner difficult to

describe, but which, more than anything else, may
be likened to the sudden appearance and disap-

pearance of a chimney-sweep's brush from the top

of a chimney, the liairs spreading apart and around

on every side. If it be asked, How are we to

know that these organs are the same as those so

differently formed in the cockroach 1 the reply is,

that they are tlie most superior of the paii-ed

organs, being found just below and on each side

of the small triangular ciliated tuft which forms

the labrum. The manner in which the curious

movements of the mandibles are brought about is

believed by the writer of this paper to be as

follows :—The hairs, some of which are toothed

(Figs. 9, 10) so as to resemble very minute combs,

are attached to the outer surface of a portion of the

integument capable of inflation, so as to assume a

more or less convex form. When the mandibles

are at rest this surface is nearly or quite flat, and

the brushes of hairs rise perpendicularly from it, as

in Fig. 12. But when brought into action it is

blown out, as in Fig. 11, the haii's and combs being-

spread out in consequence, as therein indicated.

That this is the case is further evidenced by the

fact that in a recently killed larva movements

exactly similar may be produced by gentle pressure

with the point of a needle ilpon the surface of the

head or even of the thorax, when the brushes will

be seen to spread out by the transmitted pressure

of the fluid contents of the body, precisely as they

did during life, and to close np again after that

pressure is removed. Probably during the alter-

nate opening and closing of these brushes many
small animalcules are entrapped between the hairs

and the combs, and are thus brought within reach

of the other mouth organs. On the under surface

of the head, just below the mandibles, are the

maxillae, shown in Fig. 13, and below these again

the labial palpi, shown in Fig. 14. Both these

pairs of organs partake of the ciliated character of

the mandibles, tliough to a less extent.

The thoi-ax is that swollen portion of the body

immediately following the head, consisting, as

usual, of three segments. The chief point of

interest connected with it is the facility with whicli,

in the full-grown larva, the wings and legs of the

pupa can be seen through its transparent skin. It

will be remembered that in the house fly the skin

of the larva dies, and forms a hard, barrel-shaped,

protective case around the soft and motionless pupa.

It is different, however, with the gnat, which

sheds its larval skin, and numbers of these shed

skins may be found in any pond in which the

larvae reside. Previous to this, the wings and legs

of the pupa ai"e fully formed within it, and may be

seen through the skin (Figs. IG, 17) coiled up and

jjacked together in the closest possiljle com2)ass. It

must not be expected that they should present any-

thing like the finished shape and proportions of

those of the perfect insect. They are, and continue

to be during the whole of the pupa state, mere cases,

witliin whicli the future limbs of the latter are

gradually formed, and may with propiiety be spoken

of as such.

The last, or thirteenth, segment of the body is

remarkable for the curious fan of hairs with which

it is furnished. These arise from the centre of a

gi'idiron-shaped oi-gau, shown in Fig. 15. It is

probably the means whereby the larva executes its

swift descent to the bottom when alarmed.

The pupa of the gnat is no less remarkable than

its larva. The limbs which Vv'ere so closely swathed

within the larva skin now assume a more bulky

arrangement, and form a large oval mass, enclosing

a quantity of air within their folds, the result of

which is that the thorax of the insect is bi'ouglit

above the surface of the water ; and the tail, or

more correctly speaking, the abdomen, hangs down.

In this position the insect breathes by means of two

prominent organs on the prothorax communicating

witli the main tracheae, the respiratory appendage of

tlie abdomen being supplanted by a pair of

swimming leaves. Unlike the hel2)less pu})a of the

house fly, it is capable of considerable exertion, and

if touched wriggles actively down several inches

below the surface, to which, however, it is soon

brought again by the buoyancy of the thorax, and

resumes its former position. Fig. 19 represents the

insect in this condition. It should be noticed that

the new respiratory organs on the prothora.K repi'c-

sent the upper pair of appendages of that segment,

as was stated in my paper on the house-fly
;
and,

further, that the cases of the halteres correspond

both in position on the segment to which they

belong—-viz., the metatliorax—and also in general

outline, with the true wing-cases on the meso-

thorax, and that, notwithstanding the dissimilarity

of the organs whicli are eventually formed within

them, showing in the most striking mannei- that

the halteres of the perfect insect are, as before

stated, modified wings, the superior appendages of

the metatliorax. Every limb of the future insect

may be detected in coiu'se of formation within its

own proper limb-case, including the antennae and

the mouth organs, which, be it remembered, are but
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modified limbs.* Some of these are shown in

Figs. 21, 22, 23, and 2L The final transformation

of the gnat, by which it exchanges the pupa for

tlie winged condition, has been described by-

Reaumur, a copy of whose figure will be found at

Fig. 25, where the insect is seen making use of the

cast-off skin of the pupa as a raft, upon which it

floats while drying its wings and preparing for its

final leap into the air.

The gnat is a dipterous or two-winged insect,

similar in this respect to the house fly ; but we
shall soon find on examination that there are veiy

important differences, among which must first be

noticed the difference in the antennsej which con-

sist of a considerable number of joints arranged one

after the other successively, and not, as in the fly,

having the last three springing from near the base

of an enormously enlarged third joint. This at

once places the insect amongst the Neniocera, or

thread-horned section of the Diptera, to which also

the daddy long-legs, or crane fly, and Cldronomus

2>himosus belong. From these, howe'v'er, as before

stated, it differs in the structure of the mouth, and

in virtue of this it belongs to the family Culicidse,

or true gnats, as distinguished from the Tipulidas,

wliich includes the insects just mentioned. Of this

family three genera and twenty-four species are

found in Great Britain, the genera being dis-

tinguished by differences in the length of the

palpi, as we shall presently see, and each species

being known by peculiarities in its size, colour, and

marking.

It is not intended in this paper to enter at

length on an anatomical description of this insect,

a3 very much that was said on the house fly will

also apply here ; but the antennje and mouth
organs must receive special notice. The former are

composed of fourteen joints, the first of which is very

large and almost globular; following this, there are

eleven short joints in the male and two long ones,

as shown in Fig. 4«, all of which, except the last, are

furnished with a whorl of hairs, very long in the

male insect, but short and scanty in the female, by
which means the sexes may be easily known. It

.should be observed that in the male the last whorl

.springs from near the base of the last joint but one,

as do all the whorls in the female. If this be not

attended to, the joints may easily be made out to be

fifteen, and not fourteen as stated. From the base

of the rostrum, to be presently described, a ])air of

jointed palpi arise. In the genus Culex, which most

frequently infests our bedrooms, the palpi of the male

* "A House Fly :" "Science for All," Vol. IV., p. 22.

are slightly longer than the rostrum, and densely

clothed with hair (Fig. 4), but those of the female

are very short (Fig. 27). In the genus Anopheles,

however, which is frequently found, the palpi are

of equal length with the rostrum in both sexes,

club-shaped at the tips in the males, and covei-ed

with a very short pile of hair (Fig. 28). These

paljii are, according to Professor Westwood, the

maxillary palpi, being attached to the base of the

maxillffi. We must now look at the rostrum, as it

is called, or trunk of the gnat. This is the instru-

ment with which it inflicts its painful bite, and it is

remarkable that only the females possess it in its

entirety : that is, with all the parts needful for the

develoi^ment of the blood-sucking propensity, the

males being quite harmless. In both sexes these

parts consist of those usually found in the mouths

of insects, viz., the labium or lower lip, the labrum

or upper lip, the tongue, a pair of mandibles, and

a pair of maxillae ; but in the males the thi'ee latter

organs are suppressed, they possessing only the

labrum and labium. We have seen from the

examples of the cockroach and the house fly how
different an ajDpearance the same organs may
present in different insects, and the gnat will

furnish us with another example of this endless

diversity. The mouth is, as in all the Diptera,

suctorial, for although we speak of the bite of the

gnat, it is really only a puncture that is inflicted,

and not a true bite. Its most prominent part is

the labium (Fig. 27), a long flexible organ proceed-

ing from the front of the head, and deeply grooved

on its upper surface for the reception of the re-

maining ones (Fig. 29). [Compare this with

the grooved labium of the house fly.] At its

extremity it beai's three minute lobes (Fig. 30), the

two outermost of which are probably the same

organs that received such wonderful development

in the fly, but are here much reduced both in size

and importance. Within the groove lie six very

minute lancets or needle-shaped j^ieces, only to be

seen with the aid of a good microscope and a con-

siderable amount of pains in separating them from

one another. The largest of these is the labrum

(Figs. 27, 31), which is broad at the base and

slightly grooved at the tip ; and within, or closely

applied to it, lies the tongue, which Mr. Westwood

describes as ribbed up the middle. We know that

in the fly the tongue carries a tube, by which the

salivary juice is conveyed to the mouth, and it is

probable that this is the case also in the gnat, and

that it is the cause of the extreme irritation which

accompanies the gnat's bite. The other four parts
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{Explanation of Figures Kill be found on p. 230).



230 SCIENCE FOR ALL.

are a pair of maxillfe and a pair of mandibles, tlie

latter serrated at the tips, and all of tliem ex-

tremely fine (Figs. 27, 31). The following is

Westwood's account of the manner in which the

puncture of the gnat is effected :
—" Taking its

station upon an uncovered part of the skin, with so

light a motion as not to be perceptible when it

alights (although it will not liesitate to make its

attacks occasionally through our thick clothing),

it lowers its rostrum, and pierces the skin by means

of its exceedingly slender needle-like lancets, which

are barbed at the tips, and as by degrees it pushes

these deeper into the skin, the lower lip or sheath

in which they were enclosed when at rest, becomes

more and more elbowed towards the breast, until

the whole length of the lancets are introduced into

the skin " (Fig. 2G).

It remains to add that the rostrum and the

nervures of the wings are clothed with scales

(Fig. 32), similar to those which confer so much
beauty upon the wings of butterflies and moths.

EXPLANATION OV FIGURES [See p. 229).

Fig. 1.—Cliironomus plumnsus, slig'litly magnified.

Fig. 2.—Head of Ditto, showing p, the Short Prohoscis.

I'ig. 3.—Male Gnat, slightly magnified.

Fig. 4.—Heal i.f Ditto : aa, the Plumose Antennae
; pp, the Palpi

;

r, the Rostrum.
Fig. 4a.—Antenna ot Ditto, showing the Joints.

Fig. 5.— Egg-float of Gnat. (Alter Beanmwr).
I'ig. 6.— Single Egg. (After Reaumur).
Fig. 7.—Liirva of Gnat: h, the Head; t, the Thorax; a, the

Ahdom»n; r, the RespiratoiT- Appendage; s, the Pan ot Hairs cn
the last Segment.

Fig. 8.—The under Surface of the Head of the Larva : aa, the
Antennas; I, the Labrum ; mm, the Mandibles; pp, the labial
Palpi ; 00, the Eyes. The Maxillae are too small to be shown hers.

Fig. 9.—The Mandibles and Labrum.
Fig. 10.—One of the Combs.
Figs. 11, 12.—Diagrams illustrating the manner in which the
movements of the Mandibles are effected

; Fig. 11 open ; Fig. 12

closed.

Fig. 13.—Maxilla separate.

Fig. 14.~Labial Palp.

Fig. 15.—Gridiron Organ supporting Terminal Fan. (The bases of

the hairs only are shown
)

Fig. 16.—Upper Surface of Thorax of Larva, showing Limb-cases
of the Pupa in course of formation : wv, the wing cases

;
u'u',

those of the Halteres ; rr, the Respiratory Appendages.
Fig. 17.—Lower Surface of Ditto: !!, IT, I'll", cases of the thres

pairs of Legs
; ww, as before.

Fig. 18.—The same more highly magnified, the Larval Integument
removed, and the wing cases, &c., drawn apart for their better

display ; letters as before.

Fig. 19.—Pupa of Gnat, side view ; the limb cases ot the Thorax
lettered as in the Larva, Figs. 16 and 17 : a. Antenna Cases ;

those of the Mouth Organs ; s, Swimming Leaflets of Abdomen ;

s'. Ditto, front view.

Fig. 20.—Thorax of Pupa, trout view ; letters as before.

Fig. 21.—Wing case of Pujia, with wing forming iuside.

Fig. 22.—Haltere case, with Haltere.

Fig 23.—Leg case, with Leg.

Fig. 21.— Cases of Mouth Organs : a, Antenna
; p, Palpi ; r, Rostrum.

(Female.)

Fig 25.—Gnat escaping from Pupa. {After Siaiimur)

.

Fig. 26.—Gnat sucking blood. (After Beaumur) I, the bent Labium.
Fig. 27.—AntennaB and Mouth Organs of Female Gnat : a, Antennae;

p, Palpi ; !, Laljium ; V, Labrum ; mm. Mandibles
;
m'm', Maxillae

;

t. Tongue.
Fig. 28.—Mouth Organs of Anopheles maoulipeunis, Male ; r,

rosti-um ; other letters as before.

Fig. 29.—Section of Mouth Organs of Female Gnat, showing

Labrum oud Lancets lying in the groove g of the Labium.

Pig. 30.—Extremity of Labium, with Lobes.

Pig. 31.- Lancets of Anopheles maculipennis highly magnified;

lettered as in Fig. 27. Only the tips are shown.

Pig. 32.—One of the scales from the wing.

HEAT POWER.
By W. D. Scott-

THE distinction which exists between 2^ower

and tvork has already been explained, and in

a former paper* illustrations were given of how
the one form of energy is converted into the

other.

First of all, the heat of the sun raises the Avater

from the ocean in the form of clouds, and these,

being blown hither and thither, are at last condensed

upon the cold surfaces of mountains and uplands in

the form of rain. This leads to the formation of

lakes and water-courses at high altitudes, and so

the aqueous particles that once formed the clouds

become, in course of time, an available source of

energy and work.

Now, although the heat of the sun is the first

* " A Water 'NMieel :
" "Science for All," Vol. III., p. 249.
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step in the cycle of operations which finally led to

the revolutions of the water-wheel, yet that

apparatus cannot be spoken of as a heat engine.

"VVe shall now consider the case of heat, not acting

through the medium of the clouds and the winds,

but directly through channels expressly devised to

take advantage of it by the ingenuity of man.

Although analogies in science are not generally

to be relied upon as a very accurate means of

conveying information, they are nevertheless so

a})posite at times that one cannot do better than

make use of them. The particular method that

has been adopted to illustrate the meaning and

application of the terms power and woQ-k in previous

papers, more especially the one on the water-

wheel, recalls a well-known comparison between
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the underlying principles of energy. This illus-

tration v/as made use of by the famous French

jihilosopher Carnot. As his name is associated

with some of the most valuable contributions that

have ever been made to our knowledge of heat, we

cannot be far wrong in drawing the attention of

the reader to the analogy which he makes use of.

Accordingly we give it as quoted by the late Pro-

fessor Clerk Maxwell in his treatise on the theory of

heat:—"Carnot illustrated his theory very clearly by

the analogy of a water-mill. When water drives a

mill, the water which enters the mill leaves it again

unchanged in quantity, but at a lower level.

Comparing heat with water, we must compare heat

at high temperature with water at a high level.

Water tends to flow from high ground to low

ground, just as heat tends to flow from hot bodies

to cold ones. A water-mill makes use of this

tendency of water, and a heat-engine makes use of

the corresponding property of heat." Now, while

this analogy is exceedingly iiseful, as it conveys to

the mind of the reader how two things, so utterly

unlike each other as water stored at a high level

.and heat at a high temperature—the one of which is

a substance and the other is not—have still much in

common when looked upon as sources of energy, it is

very misleading in one particular. Carnot believed

that heat was something in the nature of a substance,

and so his analogy of the water-wheel carried him

too far. It was very difiicult to prove by experiment

that the quantity of heat after it had perfoi'med

some kind of work, such as turning a wlieel, was

really changed in quantity, and had become less,

and in this way differed essentially from the case

of the water, the amount of which remained the

same. But in 1862 it was shown by Hirn,

experimentally, that in a heat-engine the quantity

of heat that is emitted is less than that which is

received ; and it was onlj^ the unfortunate belief in

what is not true with regard to heat being a

substance, that led to the confusion of ideas about

the quantity of heat and the quantity of water.

We will now see how far the analogy of the heat-

engine and the water-mill holds good, as it appears

to us to be the best mode of illustrating heat

power, in spite of the error which was made by
'Carnot.

First of all, then, we must fix our thoughts on
the meaning of what we are speaking about. The
•subject of the present paper is heat power, or, in

other words, that form of energy which is associated

with the phenomena of heat. Now, as heat is

itself the element of force or energy, we do not

require to consider anything but its quantity and

its intensity, and the range through which its

temperature passes when cooling, in order to be

able to calculate exactly the amount of available

power it is capable of turning into work. In other

words, the measure of the heat in I'espect to

quantity and temperature is the measure of its

tlieoretical energy. But in the case of water and

the water-mill, the substance water is nothing but

a vehicle through which force is exerted ; if we
double the quantity of water at a given level we
certainly double its capacity for work ; but this is

true only in the same sense as, if we double the

qviantity of a hot substance, we double the available

energy as well. The real measure of the force in

the one case is the quantity and intensity of the

heat, and in the case of the water, the quantity of

force represented by the amount of the water, and

the distance through which the force of gravity

acts iipon it. The water-wheel, then, ought more

correctly to be sjioken of as a gravity engine, whicli

had its origin in the heat of the sun, while the heat

engine is an ap^iaratus by which heat is converted

intowork without the interposition of an iiitervening

force. The changes that can be rung upon sucli

illustrations are niunberless, because they run

through every condition of matter in which it is

either the recipient, or the storehouse, or the

dispenser of energy, whether we find our example

in a cannon-ball in motion, or in watei- at a high

level, or the magnetism of a compass, or the

projjerties of chemical agencies, or the elasticity of

springs, or the heat of a hot substance. The
purpose of Carnot's analogy will really have been

served if it conveys to the mind of the reader the

exact comparison that can be made between water

at a high level and a substance at a high temperature.

In the first place, they are both storehouses of

energy, that may be measured by the quantity of

the water and the quantity of the substance,

multiplied by the available height in the one case,

and the available temperature in the other.

Secondly, just as the water at the high level may
have additions made to the total amount of its

available enei'gy, if it hajij^ens to be surrounded by

streams that flow towards it and add to its quantity

and its height, so a hot substance, if surrounded by

still hotter bodies, may have its available energy

added to by the tendency of the hotter bodies to

part with their heat, and add to the quantity of

the heat in the hot substance and to the iiitensity

of its temperature as well. And if, on the other

hand, the water at the high level is placed in an
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elevated hollow from which the ground slopes

downwards in all directions, then, again, we have

an analogy between its tendency to flow away and

the case of a hot Ijody sui'rounded by colder ones, to

which it is continually dispensing its temperature

and thei'eby reducing its energy. Still further, it

will be well to notice that, just as it is necessary to

place a wheel in a suitable position in order to turn

the energy of the water into useful work, so a

suitable apparatus is necessary in the case of the

heat, in order that we may take advantage of it

for any practical purpose.

We have made use of the analogy between a

heat-engine and a water-mill in order to convey to

the mind of the reader the general connection

which exists between one sort of force and another.

We will now go on to see how heat-power can be

x-eferi'ed to some standard by which its amount can

be measured. Just as it is necessary that we should

know about two things in the case of water-power,

viz., the quantity of the water and the distance of

the available fall, so in calculating heat-power we
must know the quantity of heat and its available

I'ange of temperature.

The first process, as has already been explained

in these pages, is conducted by means of the calori-

meter, the second by the thermometer. In these

instruments the action of heat is measured in the

one case by its capacity to produce a measurable

amount of change in the condition of a substance,

such as melting ice, and in the other a measurable

amount of expansive force, as in the case of a

column of mercury. Now although these experi-

ments are essential to our knowing anything exactly

about the phenomena of heat, they are used to

measm-e- it in many cases under circumstances

in which heat-power does not exist in a practical

form. For instance, an inquiry into the specific

heat or the quantity of heat in different substances,

at standard temperatures, is like measuring water

which may or may not be available, from its situa-

tion, to drive a water-wheel. We will confine our-

selves, therefore, in the present paper, to the case

of heat acting, on suitable substances, in a manner

that renders it available as heat-power. First, then,

we may at once disjjense with a consideration of

the effect of heat upon matter in a solid state, in

the sense of the solid being used as the direct vehicle

of force. We know that if we heat a bar of ii'on it

will expand, and we know also that when it is

allowed to cool it will contract, and that in this

alternate movement of the bar there is the primary

motion that takes })lace in the reciprocating action

of a steam-engine. But at the same time we should,

never look to a bar of iron, or any other solid sub-

stance, as an available prime mover. It would be

equally impracticable to attempt to find in any
liquid substance a direct vehicle for conveying heat-

power into the working of an engine. A rise in

temperature, when the fluid Avas free to evaporate,

would very soon result in its entire disapjjearance

in the form of vapour, and the equivalent of the-

heat would be found in the amount of energy

absorbed in carrying on the operation of changing

the condition of the liquid. It is to the gaseous

state of matter alone we must look for a practical

vehicle for the conveyance of heat-power into work,

and the most economical type of heat-engme will bfr

found when we discover a medium that absorbs the-

least quantity of heat in proportion to the nett

amount of useful work performed. Now in this-

respect an air-engine is by far the most economical,

because nature has jjrovided in this case a substance

which is ill a permanently gaseous state, whereas in

a steam-engine a great amount of heat has to be

expended in order to obtain the condition of an

elastic fluid, especially if we start with water in the

solid condition of ice, which has first to be con-

verted into a liquid and afterwards into steam.

These facts have acted as a stimulus to inventors

and men of science to discover, if possible, some

practical method of using hot air instead of steam

as a motive power, and a few words will therefore

not be out of place to show how heat aflects a per-

manent gas. The diagram (Fig. 1) is a rough

ilhrstration of an imaginary instrument, which is.

called the air-thermometer. It differs from the

apparatus used by Galileo, inasmuch as he made his-

serve the purpose of an ordinary instrument for

measuring temperature, in the same way that we
employ a column of mercury, whereas the air-

thermometer, of Avhich we are now about to speak,

is employed as a visible illustration of what

would take place if certain phenomena could be

produced.

The first step that was necessary in the graduating

of an imaginary thermometer which would have an

absolute zero, and that should represent no heat,

was to know the effect of a given change of tem-

perature upon the unit volume of a permanent gas.

This was discovered by several men of science about

the same period •. and as the eflPect of heating follows

an invai'iable law in the case of all gases, it is known

as the second law of gases, and is generally associated

with the names either of Charles or of Gay-Lussac.

It asserts that any gas under a constant'pressure is
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In other words, if sixty

cubic inches of air, at

any pressure, were heated

from the freezing to the

boiling point of water, it

would be found that the

vessel containing it

Avould require to have a

cubic capacity of about

eighty-two inches to

contain the air if the

original pressure were to

be neither increased nor

diminished. Now the

ratio of the dilatation to

the temperature having

been discovered, it will

be seen that it is no

longer difficult to gradu-

an imaginary air-

thermometer so that the

position of an absolute

zero can be fixed. Supposing we start from the

point a, Fig. 1 , as the unit of volume, and suppose

that the column of air is just one foot long, then it

will be, according to the law of Charles, l'366o feet

long when it has been heated to the temperature of

boiling water, and the reading will then be 100° C.

for tem25erature and 1 '3665 for volume, at b. If we
then go on heating it till the temjierature has

reached 200° C. the volume of the gas will have

increased (the pressure remaining constant) to

1'733 feet ; and when the column of air is two feet

long the temperatui-e will be 273° C. Now reason-

ing in the same way downwai'ds from the point of

unit of volume at a, and reversing the operation by
abstracting heat instead of adding it, we find that

at the point d, at which we have a temperature

less than that of freezing by 100° C, the column
of air will no longer be 1 foot long at the constant

pressure—it will be 1 foot less a fraction of -3665 of

a foot, or •633.5. If we again extract temperature

to the extent of 100° C, then we must again deduct

a similar fraction of the volume from what remains,

174

e - 200 —

/- 273

-267

Point of no heat
ana theoretically .,4.„

of no volume. "^^^

rig. 1.—An Air-Thermometer.

so that at the point e, and at the temperature of

— 200°, the volume has been reduced to •267. Here

we can no longer extract 100° C. of heat, because if

we did so there would be less than nothing left.

But by a simple application of the Rule of Three

we arrive at the minus tem^jerature that leaves

theoretically no volume, and this will be found to

be - 273° C, or —460° Eahr. Here, then, we have

a thermometer which serves the purpose of a real

instrument, in so far that it enables us to stai't from

a supposed absolute zero, in which, according to the

second law of gases, there should be theoretically

no volume. Here the reader may be inclined to

ask what all this has got to do with heat-power,

which is the subject of the present paper. The

answer is, that the total amount of the heat con-

tained in the air is the exact measure of its energy

or power ; for although we are never likely to be able

to show experimentally that at a minus temperature

of 273° C. below freezing point there is absolutely

no volume
;

still, all observation goes to prove the

applicability of the law of Charles, at least as far as

any observed temperature. In the words of Professor

Clerk Maxwell, although we know nothing about

the temperature which would be indicated by an

air-thermometer placed in contact with a body

absolutely devoid of heat, this much we are sure

of, that the reading would be above - 459°^13 F.

We will now look at the diagram of the air-

thermometer, not as a narrow column containing

an elastic fluid, placed there with the object of

measuring its movements, but as a great reservoir of

a permanent gas. We will also take it for granted

that when the unit volume of the gas is at freezing

point the j^ressure is so low as not to be available

as a motive power. In other words, we will sup-

pose it to be like an accumulation of water near

the level of the sea, which would be an eff"ective

source of power if it were raised to a great height,

but which is incapable of being used as a vehicle for

useful work in its existing situation. Now, so long

as we heat the air, and allow it to expand, so that

the pressure remains constant for every addition of

temperature, we do very much the same as re-

gards its available power as if we were to double

the quantity of water in the reservoir near the sea-

level. But suppose, instead of allowing the air to

expand, we keep it confined, so that its volume can-

not increase—we then discover that the increase of

temperature has exactly the same rate of eSect upon

its pressure as it had upon its volume. In other

words, instead of simply adding to the quantity

of heat, as if we added to the quantity of water,
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we no longer add to the volume of tlie aii", but we
add to its pressure, or available power, just as if

we raised the supposed unit quantity of water to an

increased height above the level of the sea. In this

way, when we have heated the air to 100° 0. above

freezing point, and kept its volume constant, we
shall find that the pressure we started with, what-

ever it may have been—one pound or one ounce to

the square iuch—has been increased from 1 to 1 -SGGS.

It is clear, then, that here we have a range of

available pressure, rejiresented by the fraction '3665,

that may be turned into useful work, just in the

same way that we might make use of an elevated

weight, or the tension of a spring that has been

wound up or compressed. Further, it must be ob-

served that the effects of greater or less additions of

temperature follow exactly the same law as in the

case of the volumes referred to in the description of

the air-thermometer, and that therefore when the

temperature of a given volume of air has been

raised from 0" C. to 273° C. without the volume or

space occupied by the gas having been increased,

then the pressure will be exactly doubled, just as

the volume would have been if the vessel containing

the air had been allowed to expand, and the pressure

remained constant. Now these facts enable us to

make important combinations between what is

known as the first and second laws of gases, generally

called the law of Boyle and the law of Charles. The

first of these asserts that the product of the volume

and pressure of any portion of gas always equals

a constant quantity. If we double the volume

we halve the pressure ; if we halve the pressure

we double the volume ; if we double the pressure

we halve the volume ; if we halve the volume we

double the pressure. The law of Chai'les asserts

that " the volume of a gas under constant pressure

expands when raised from the freezing to the

boiling temperature by the same fraction of itself

whatever be the nature of the gas."

Now as we know that the conditions of Boyle's

law remain in force so long as the temperature is

constant, but that when the temperature is increased

it increases either the volume or the j^ressure in the

proportion of 1 to 1-3665, for the range of heat re-

presented by the difference between the freezing

point and the boiling point of water, then the

product of the volume aiad pressure must always be

affected by the heat in this proportion. When, how^

ever, we are able to start from an absolute zero, as in

the case of the air-thermometer, we are then enabled

to simplify the expression of the two laws of Boyle

and Ohai'les, and assert \h.&tthe jyToduct ofthe volume

andfressure ofany gas is projwrtional to the absolute

temperature. Looking at this statement in relation

to heat-power, we find it is equally applicable as a

measure of energy, the amount of which we may
also say is proportional to the absolute temperature.

But this relationship between heat and heat-power

enables vis to go still further than the air-ther-

mometer in fixing upon a theoretical absolute zero,

or point of absolute heatlessness, which is the

equivalent, from a ^jower point of view, of water

that cannot possibly reach a lower level. This

temperature is arrived at by the knowledge we have

of the relationship which exists between heat-power

and heat-work already referred to in the papers on

"Power" and "Work."* This is known as the

mechanical equivalent of heat, in which a heat

unit is the equivalent of a work unit, and we have

only therefore to suppose that a heat-engine which

has i-eceived a certain quantity of heat performs the

total amount of work theoretically due to that heat

in order to arrive at an absolute dynamic or power

zero, which must be a heat zero as well. It will

now be understood how many methods there are of

measuring heat-power, and how they are all more or

less analogous to the instance of the water-mUl.

In the one case the total available energy is the

product of the weight of the water and the height

through Avhich it falls; in the other it is the

quantity of heat to be obtauied from an available

range of temperature.

* " Science for All," Vol. II., pp. 97 and 255.
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HEAEING.
By T. Jeffery Pakker, B.Sc, A.L.S.,

Professor of Biology in the University of Otago, Neii: Zealand.

IN studying any branch of science, one of the true organ of hearing,

most essential points, if we have no wish to be

involved in hopeless confusion, is to define clearly

every word used in a scientific or technical sense,

and to take care that, once defined, the same word

is never made to do duty for some meaning difierent

to that which it was originally intended to convey.

One has to be particularly careful in the case of

words in ordinary use, for these are often used in a

more or less slipshod fashion, and unless strictly

looked after are likely to prove very dangerous

stumbling-blocks to the unsuspecting student. The

present paper gives us at once a case in point.

Asked what is the organ of hearing, one naturally

replies, the ear : asked to define the ear, it is equally

natural to point out that gristly and fleshy append-

age at the side of the head, which a barbarian taste

has decided shall be cut in the case of terriers for

the sake of symmetry, pierced in that of Imman
beings, for the insertion of some useful or ornamental

article—snuff-box or earring.

But a moment's consideration will convince the

most unthinking that the " ear " in this sense of

the word is not the organ of hearing at all. Fc.v

deaf people, or people rendered temporarily deaf

by a i^lug of cotton wool or the like, have the

" ear " as perfectly develojied as any one. People

who have had their ears cut ofi", and animals devoid

of that appendage, such as birds, reptiles, and
fishes, are, as common observation teaches, quite

capable of hearing and distinguishing sounds. The
sound of, for instance, a tuning-fork or a musical

box can be made audible to deaf people by placing

the instrument against their teeth, and the same
thing can be shown by stopping one's ears tightly,

and touching one end of a table or plank with the

teeth, while another person gently scratches the

other end of the piece of wood.

What all these facts show is, that the organ of

hearing is something inside the head, and that the

sound waves which give rise to an auditory impres-

sion may, as under ordinary circumstances, be trans-

mitted thi'ough the tube which we see passing

towards the interior of the head from the " ear," or

may, if this their normal channel is closed to them,

be transmitted through the bones of the skull.

"We must distinguish, therefore, the external ear,

or ear commonly so called, from the internal ear, or

organ ol nearing. The former, although of

great use, can be dispensed with ; the latter is

absolutely essential for purposes of hearing.

Let us now consider what are the essential con-

ditions of our organ of hearing. What we call

sound is due to vibrations of the air communicated

with a certain degree of rapidity by the sonorous

body ; and that any sound should be audible to an

animal, it is necessary, firstly, that there should be

some part of the animal body so delicately poised,

as it were, as to be set vibrating m unison with

the sound, and secondly, that there should be, in

connection with this same part of the body, a nerve

able to transmit the A-ibrations to the brain. It is

instructive to compare the essentials of an organ of

touch with those of an organ of hearing. When
any part of our body is touched, an impression

is made on the skin, and this impression is

comnumicated by a nerve to the brain : if the

nerve is cut, that part of the body is quite without

feeling. The skin, therefore, which is the great

organ of touch, is able to receive and transmit to

the brain, by its nerves, coai'se vibrations, pro-

duced by actual contact. If any part of the skin

could be made so sensitive as to be set vibrating by

sound waves, it would become an organ of hearing,

and its nerve would become an auditory nerve.

The internal ear of the higher animal is a struc-

ture of such extreme complication, that the best

way to get a correct notion of hearing organs in

general will be to consider the apparatus as it exists

in the lower animals, where its structure, and the

principles upon which it works, are sufiiciently

simple to be readily grasped.

No better animal can be selected to start with

than the common lobster, as any one sufiiciently

interested in the subject can readily make out the

main points of its hearing organ for himself, by

sacrificing to scientific purposes a small and insigni-

ficant portion of a lobster salad.

The lobster has two pairs of feelers, one long

—the antennfe, and one short—the antennules,

projecting from the front of its head. If one

of the latter be removed by inserting the point

of a pocket-knife between its near end and

the socket in which it works, it will be found to

consist of three strong, hard pieces, placed one

above the other and movably jointed together.
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The last of these pieces, that farthest from the

head in the entire animal, has attached to it two

jointed filaments about two inches long. These

form the feeler proper, being organs of touch.*

The first joint of the feeler—that nearest the head

Fig. 1.—Hearing Organ of Lobster. {After Farre.)

A, Head of Lobster, to show relations of Auditory Organ and Nerve : a^,
Antenuules ; Antenu-je ; au. Auditory Organ ; a.n.. Auditory Nerve ; o.
Brain. B, Basal Part of Antennule, showing Position of Auditory Organ :

a. External Aperture, c, Auditory Sac in situ, cut open so as to show
Position of Auditory Hairs and Otoliths. D, Auditory Sac in situ, entire

:

a. External Aperture.

—is considerably larger than either of the others,

and presents on one—the upper—surface, an oval

space which is not hard and bony like the rest, but

membranous, or rather horny, being formed of a

substance called chitin, the same substance as that

which forms the soft interval between the hard

joints on the under side of the lobster's tail.

At the farther end of the same joint, and to the

oiiter side of this space, is a little tuft of hairs ; in

the middle of this tuft is a small hole, into which a

bristle or even the head of a small pin can easily

be passed. If, then, the whole lower side of the

joint is cut away, and the soft stuff' which fills it

scraped out, the bristle is seen to have passed into

a little transparent bag of chitin, about a quarter

of an inch long. On the lower side of this audi-

tory sac, that is, the side we are now supposed to

be looking at, there is a curved line of slightly

different appearance to the rest of the wall. Care-

ful dissection shows that the nei've passing from

the brain to supply the feeler sends off a small

branch to the curved line : this branch is the

auditory nerve (Fig. 1, a.n.).

When the auditory sac is cut open it is found

to be full of sea-water, in which are a number of

little sandy particles, called ear-stones, or otoliths.

One more point about the structure of the organ.

Underlying the whole hard shell of the lobster is a

delicate red membrane, composed of minute pro-

toplasmic bodies called cells, and answering to our
* And ijerhaps also of smell.

rig. 2.—Diagram of Auditory Sac of
Lobster.

,
Shell of Antennule; a', Chitinous layer of

auditcjry sac; tt, Epidei-juis; h\ Epithelial layer
of auditory sac; c. Mouth of sac; ri, Otoliths;
€, Auditory Hairs ; /, Auditory Nerve.

own epidermij:^. A similar membrane forms a sort

of outer coat to the auditory sac, and is continuous

around the aperture of the sac with the membrane
underlying the hard shell of the antennule, just as

the shell itself is

continuous with

the chitin of the

sac.

To make out

much more of

the structure of

the lobster's ear,

it is necessary

to have recourse

to the microscope. If that portion of the wall

of the sac containing the curved line is cut

out and examined under a comparatively low

power, a row of bodies called auditory hairs, or

setce, is seen to be attached all along the line,

and to project into the cavity of the sac among

the ear-stones. Each of these setse is a beautiful

feathery structure, consisting of a stem with a

rounded base, which fits, ball-and-socket fashion,

into a depression in the wall of the sac, and with a

number of minute filaments coiTesponding Avith

the bai'bs of the feathers, given off on either side.

The whole seta is not more than T^Trth of an inch

Pig. 3.—Portion of Auditory Sac of Lobster, highly magnified

to show tlie Auditory Hairs. (Aftci- Henscn.)

n, Branchlets of Auditory Nerve ;
o, Otoliths

;
s, .Setaj.

in length. A specimen prepared with suflicient

care, shows that to each seta proceeds a minute

branchlet of the auditory nerve (Figs. 2, 3).

So much for the structure of the apparatus : now

for the way it acts. Sound waves from any sonorous
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body in the lobster's neighbourhood will strike

against the bottom joint of the little feeler. Of these

waves, those striking against the hard parts will

have little or no effect unless the sounding body be

in actual contact, but those which strike the soft

space already mentioned will set it vibrating, and

the vibration, transmitted to the auditory sac,

will produce a corresponding movement in its

contained fluid. The same effect will be produced,

but in a more marked degree, by waves entering

the small external aperture. The movement of

the fluid will cause the setse to vibrate, and a

nervous impulse will be transmitted along the

auditory nerve, and so give rise in the brain to

the sensation of hearing. The otoliths may assist

in transmitting the vibration of the fluid to the

hairs, or, as seems moi-e likely, act as dampers.

There is still something to be said about the

anatomical relations of the sac. It communicates

with the exterior by a small hole, so that its wall

is directly continuous with the outer surface of the

body, and the whole sac might not unreasonably,

from examination of it in the adult animal, be

looked upon as a portion of that outer surface

tucked in. And that this is really the case is

found by examining lobsters of different ages, when
it is seen that very young specimens have no

auditory sac at all, and that when this organ does

arise, it arises by the upper wall of the first joint

of the antennule being pushed in, as it were, so

as to form a shallow depression ; this depression

deepening, forms at last a bag widely open to the

outer ail", and lastly, the bag itself growing faster

than its moiith, the auditory sac of the adult is

prodiiced.

So that the wall of the sac is just a bit of the
" shell," with its underlying epidermis, turned in

;

and the auditory hairs are nothing more than the

hairs with which many parts of the lobster's body
-are covered—the tail, for instance, is fringed with

them—specially modified for purposes of hearing,

by acquiring great delicacy and by being very

beautifully hinged.

There is no reason whatever why hairs on the

free surface of the body should not have this same
accurate adjustment, and so serve for hearing ; and
indeed it is thought by some competent authorities

that certain fringed hairs on the surface of the

antemiules and of the tail of the prawn, closely

resembling the hairs of its auditory sac, really do
serve the purpose of hearing. If this be true, the

prawn has so]ne auditory hairs which have been
tucked into a sac and others which have not. Of

course the former position must be the most

suitable for the purpose, for in the first place, the

delicate hairs are protected from injury, and in the

second place, the sac itself probably acts as a I'e-

sonator, and augments the force of the sound waves.

How then do the otoliths come about, since there

are no representatives of them in connection with

the hairs on the free surface of the body % I men-

tioned that these were sandy particles : they are, in

fact, just minute sand grains, such as are found on

the sea bottom where the lobster lives, and the

question suggests itself, are they actually formed

by the lobster, or are they taken in from the out-

side '] If so, how 1

This question was settled in a very ingenious

way by Dr. Hensen. It is known that lobsters

and their allies—prawns, crabs, &c., shed their

shells annually, and that with the shell of the

antennule the chitin of the auditory sac is shed

too, and with it, of course, the otoliths, so that for

a time after casting the shell, the animal has a soft

exterior, a soft auditory sac, and no otoliths.

Hensen took some prawns which had just shed

their shells, and put them in an aquarium, the

bottom of which was covei'ed, not with sand, but

with some minute, easily recognisable crystals. In

this way he made sure that the animals were not

supplied with sand. He examined them after a

short time, and found that they all had in the

auditory sacs some of the crystals, which now acted

as otoliths. They had taken them in by plunging

their heads into the mass of crystals, and moving

about until some of the latter were forced in.

Another form of auditory organ, at first sight

quite different to that of the lobster, is found in the

common little fresh-water bivalve called Cyclas.

If this little creature is watched during life it is

seen to protrude from between its

valves a flesliy, tongue-like process,

called its foot. If now a Cyclas is

taken from the water, its valves

removed, and its foot examined

under the microscope, there is seen

in about its middle a little rounded

cavity containing a small particle in

constant vibration. The cavity is

the auditory sac of the Cyclas

;

and the vibrating particle is its otolith (Fig. 4).

Careful examination shows that this sac consists

of a delicate wall lined with minute cylindrical

cells, from each of which a number of delicate

filaments, called cilia., project into the cavity of

the sac. These filaments are in constant motion

Fig. 4.—Auditory-
Sac of Cyclas.
(After Lcydig.)

c, Auditory Capsule

;

e, Ciliatfd Epithe-
lium

; 0, Otolith.
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wavmg to and fro like the similar bodies in a

wheel-animalcnle, and it is by the motion thus set

tip that the otolith is kept in a perpetual tremble

in the fluid which fills the sac.

Comparing the auditory sac of Cyclas with that

of the lobster, it is evident that the ciliated cells

lining the former answer exactly to the cells of the

ej^idermif! forming the outer layer of the latter.

But in Cyclas there is no chitinous inner coat to the

sac, there are cilia instead of auditory hairs, and the

sac is completely closed instead of opening to the

exterior.

The last-named cii'cumstance seems to indicate a

radical difference between the two organs, for it

hardly seems likely, at first sight, that a closed

sac embedded in the very substance of the foot can

have any connection with the ejjidermis covering the

foot. But there is every reason to believe that the

sac in this case also, arises as a pushing-in of the

epidermis, a sort of tunnel being formed, the far end

of which dilates into the sac, while the remainder of

it disappears, all evidence of the original connection

of the auditory sac with the exterior being thus

obliterated. Here again, therefore, the sensory

surface is a specially modified portion of the general

surface of the body.

Another easily obtained auditory organ is that

of any common bony fish, the cod, for instance.

Most people must have noticed a little white, flat

stone with a crinkled edge, looking very like

glazed porcelain, which occurs in the interior of a

cod's head, apparently quite loose. This little stone

is the ear-stone, or otolith of the fish (Fig. 6). To

make out its real position and relations, a dissec-

tion, or series of dissections, is necessary.

In the hinder part of the cod's skull, on each

side of the brain case, is a large bony projection,

containing an irregular cavity, in free communica-

tion, in the dry skull, with the cavity in which the

brain is lodged. This bony mass is the auditory

capsule. If, in a fresh head, the bone composing it

is broken away bit by bit, the cavity is found to

contain, floating in a watery fluid called perilymph,

the fish's auditory organ, or, as it is often called

from its complexity, membranous labyrinth (Fig. 5).

This consists of a delicate membranous sac, of

ovoidal shape, called the vestibule, connected with

which are three tubes bent into the form of a half-

circle, and hence called semicircular canals. Of

these, two have a vertical position, one at the front,

the other at the hinder end of the vestibule ; the

third is hoi'izontal, and attached to the outer wall

of the Bac. The two vertical canals are joined with

one another for a shoi't distance, so that the two
canals only have three openings between them into

the vestibule : at the end farthest from its fellow

each canal is swollen out into a little bvilb, the

Fig. 6.—OtoUtli of Cod.

Pig. 5.—Auditory Organ of Cod.
a^—a3, Ampullu3 ; a.s c, Anterior Semicircular Canal : h.s c. Horizontal
Semicircular Ciinal

; p.s.c, Posterior Semicircular Canal ; o, Otolitb ;

6'. Smaller Otolitli
;
v. Vestibule.

a^njnclla. The horizontal canal is quite independent

of the other two ; like these it has an ampulla

placed at its anterior end.

The large otolith already mentioned lies within

the vestibule, floating in the fluid {endolym2}h) with

which that cavity is flUed. Besides the lai-ge

otolith there is another, of mitch smaller size,

and therefore easily over-

looked.

A large nerve (the

auditory nerve) proceeds

from the brain of the fish into the auditory cap-

sule, and there branches out, twigs from it passing

to the vestibule and to the ampullae of the canals.

Microscopic examination shows that the mem-
branous labyrinth has a lining of cells, resembling

in all essential respects those we have already found

in the lobster and the Cyclas. In the ampulla and

certain parts of the vestibule these cells give rise to

long, stiff fllaments, which project into the endo-

lymph. The ends of the nerves split up into

extremely fine branches, one of which, in all pro-

bability, becomes directly connected with each of

the celis (Fig. 7).

Hearing takes place in much the same way as in

Cyclas : the sound-waves breaking against the fish's

head are transmitted through the substance of the

latter to the perilymph, thence to the labyiinth

itself and its contained endolymph. The vibrations

of the endolymph and of the otoliths affect the hair-

like processes of the auditory cells ; in these the

vibrations are converted into a nervous impulse,

which is conveyed along the auditory nerv^e to the
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"brain, and there gives rise to the sensation of

tearing.

Like the simple auditory sac of the Cyclas, the

fish's complicated hearing-apparatus is just an in-

turned bit of skin. The auditory

organ makes its first appearance

as a little pit on the surface of

the head ; the pit deepens into a

canal, the outer part of which

becomes obliterated, while the

inner is converted into the whole

labyrinth. In some fishes, such

as the shark, dogfish, and skate

(Fig. 8), the outer portion of the

canal never becomes obliterated,

but remains throughout life as

a fine tube, placing the cavity

of the vestibule in communica-

tion with the surrounding water.

In the liigher animals—in a

sheep, a rabbit, a dog, or a man
—the auditory organ has essen-

tially the same structure as in

the fish, in that it has a vestibule

with three semicircular canals.

But there is an important addition

in the form of a long tube, blind

at one end, and coiled up into

a snail-shell-like figure of two and

a half turns. This structure is

called from its form the mem-
branous cochlea. In all probability it has

something to do with the appreciation of musical

Fig. 7.—Auditory Hair
of Fish.

a, «!, Auditory Hairs
; c.

Columnar Cells ; b,

Spindle - shaped Cells
lying between the
Columnar Cells

Fig. 8.—Auditory Organ of Skate. (After T. J. Farlcer.)

o«. Auditory Capsule
; n.s.c. Anterior Semicircular Canal ; »i.s.f., Horizontal

i V-'-' Posterior do. do.: vb. Vestibule ; o, Canal leading from
Vestibule towards Exterior : s, Bristle passed through the small Aperturewhich leads from a to the Exterior

; viii, Auditory Ner\-e.

tones, though how it performs this function is by no
means clear. Probably certain peculiar structures.

Fig. 9.- -Diagram of Membranous Labyrinth
and Cochlea of a Mammal. (After Waldeycr.)

a.s.c. Anterior Semicircular Canal; ft.sc, hori-
zontal do. do. ; jj.s.c. Posterior do. do.; Ves-
tibule; c, Ci>chlea.

called " hair-cells " and " rods of Corti," have some,

thing to do with it (Fig. 9).

Both labyi'inth and cochlea contain endolymjih,

and are contained in a cavity hollowed out in the

auditory cap-

sule, the cavity

being filled, as

before,with peri-

lymph. But in

this case the

cavity is no

longer irregular,

but of almost

exact]ythe same

shape as the

membranous organ it protects. Moreover, the

bone immediately surrounding the cavity is of

a pai'ticularly hard and ivoiy-like texture, while

the next outer layer is full of cavities, and con-

seqiiently comparatively soft. So that the sur-

rounding soft bone can be cut away, leaving the

hard bone immediately surrounding the labyrinth,

and this hard bone is then found to have quite the

same shape as the membranous organ. A " bony

labyrinth " and " bony cochlea " are therefore often

spoken of, in contradistinction to the membranous
parts of the same name.

In the case of the labyrinth proper—vestibule

and canals—the bony case fits pretty closely, and

the perilymph-containing cavity between the bony

walls and the membranous structures is very small.

But the bony cochlea is of considerably greater

diameter than the sti'ucture it contains, and the

membranous cochlea is, as it were, jammed close

against the surrounding bone on one side, so that

on the other side a considerable space is left. This

sjiace is not single, but is divided into two compart-

ments, an upper and a lower, by a bony partition,

wliich stretches inwards from the wall of the osseous

to that of the membranous cochlea. This partition

is, like the cochlea itself, spiral, and consequently the

whole cochlea, if cut across, is seen to consist of

three separate passages running close alongside one

another ; a middle one, that of the membranous
cochlea, containing endolymph, an upper, called the

scala vestihuli, containing perilymph, and a lower,

the scala tympani, also containing perilymph. The
two latter communicate with one another at the

apex of the spiral (Fig. 10).

I have hitherto spoken of the cavity in the bony
apparatus as if it were completely closed in by bone
all round ; but this is not strictly true. At two
places the bony wall is deficient, two little holes
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PiEf. 10.—Cochlea, witli part of its Tfall
removed.

a, Central Pillar; i;, Spiral Partition; c,

Scala tympani ; d, Scala veotibiili.

beiiig pi'odiiced, wliicli are covered over by very

thin membranes. The larger of these is called,

from its shape, the " oval window " (fenestra

ovalis), the smaller the "round window" (^fenestra

rotunda).

The membranes which may be said to form the

glazing of these win-

dows separate the

cavity of the bony

labyrinth from a

large and compara-

tively simple cham-

ber, called the tym-

•pamiin, or ear-drum.

The bony wall con-

taining the two win-

dows forms the inner boundary of this drum-cavity

;

externally it is produced outwards into a canal,

the external auditory passage, which opens on the

side of the head, and is surrounded by the external

ear. It is this canal which we see in our own
" ear," leading somewhere into the interior of the

head (Fig. 11).

There is a second canal in connection with the

tympanum, called the eustachian tube. It passes

from the front part of the cavity, and passing for-

wards and downwards opens into the mouth. So

that if there were nothing else to be mentioned in

sonnection with the tympanum, there would be

free communication between the ear and the mouth.

But as a matter of fa.ct, there is no such com-

munication. For, stretched across the inner end

of the external auditory passage, just where it joins

the drum-cavity, is a tough skin, the drimi-mem-

brane, which completely separates the cavity of the

external passage from that of the drum.

Attached to the imier side of this membrane is a

little bone, the shape of Avhicli is seen in Fig. 12

to bear some sort of resemblance to a hammer. It

is hence called the hammer-bone {malleus) ; its

" handle " is attached to the drum-membrane, its

" slender process " j^rojects into a cleft in the bone

forming the wall of the drum, and its head iss

articulated or jointed to a second small bone, called

the " anvil " (incus), rather from the fact that the

head of the hammer is applied to it than from any

resemblance it bears to an anvil. This anvil bone

has, like the hammer, two projections or " pro-

cesses," a long and a short ; to the long process is

articulated a tmy grain of bone, called the " orbi-

cular bone " (os orbiculare), and to this again is

jointed a bone which is very rightly called the

" stu'rup " (staj^es), since it has precisely the shape

of that article. The foot-plate of the stiiTup is

firmly fixed to the membrane of the oval %vindow.

Now as to the use of all this complicated appa-

ratus, which in the higher animals is superadded

eii

Vig. 11.—The Entire Hearing AiJijaratus in Man.
e, External Ear ; m.e , External AuJitoiT Passsage ; (, Bony L ibyrintb ;

riir.
Auditory Nerve ; r. Bony Cochlea : f.o.. Fenestra Ovalis ; cn, Eustachian
tube ; t, Tymiiauum ; o. Auditory Ossicles ; t.m , Tympauic Membrane.

to the essential organ of hearing. The sound-

waves enter the external auditory passage, some of

them being reflected into it by the external ear,

which acts as a natural eai'-trumpet to catch the

sound. Arrived

at the bottom of

the passage, the

waves strike

against the drum-

membrane and set

it vibrating ; its

vibrations give a

corresponding
backward and for-

ward movement to

the malleus, and

the motion is Pig. 12.—The Auditory Ossicles of Man
(left side.)

communicated a, MaUeus a, Head ; b. Handle ; f, Slender Pro-
cess ; (/, Short Process, n. Incus : a, tho hody

;

b, Lung Process with the orbicular bone at-
tached at its end : c. Short Process: d, Arti-
cular Surface for head of malleus, c. Stupes :

d. the Base ; i>, the foregoing in their natural
connections, as seen from the outside : a.

Malleus; i. Incus; c. Stapes. (Tii-ice nut lira!

size.)

through the incus

to the stapes,

which, being fixed

to the membrane

of the oval window, gives to the latter an in-and-

out movement. This last movement of course

affects the perilymph, and then everything takes

place as in the codfish. The improvement in the

mammal consists in the addition of a special, deli-

cately balanced apparatus to communicate external
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vibrations to the perilymph. The round window

serves for the vibrations of the perilymph to spend

themselves against
;
every time the oval window

is thrust in, the perilymph, instead of undergoing

compression, pushes out the membrane of the round

window to a corresponding extent, and vice versd.

The above account of the organ of hearing aims

at giving the reader some notion of the manner

in which, and of the apparatus by which, the

function of hearing is performed. I have pur-

posely not attempted to go into details of structure,

or into the endless modifications of the auditory

organs in the various groups of animals, but

have judged it best to select a limited number of

common and easily obtainable animals, from the

consideration of which the main types of auditory

oi'gans may be understood. Any one with the

least skill in dissection can make out at any

rate most of the points described for himself,

and those who are unable to do this can see

preparations of the larger structures at any well-

equipped anatomical museum, such as those of

the Universities, or that of the Royal College of

Surgeons of England.

A FEUIT.

By Dr. Robert Browx, F.L.S., etc.

WHAT is a fruit? To answer the question

would seem at first sight not to require

any botanical knowledge whatever. "It is simply

the juicy organ, like an apple, strawberry, or

peach, which remains after the flower disappears."

This definition—or any

other framed on the same

lines—will not suflice for

the botanist. To him a

fruit is not necessarily

edible, and, indeed, the

most familiar of so-called

" fruits " he knows are,

botanically, not fruits at

all. For instance, the

fleshy parts of a pear or

Tig. 1.—Strawberry, with hard an apple are strictlv onlv
Fruits on the surface of the '' •'

swoUeu top of the Fruit-stalk, enlargements of the

calyx, and of the top of

the flower-stalk (peduncle), the real fruit being the

core " in the middle ; while the true fruits of the

strawberry (Fig. 1) are the little hard seed-like

bodies which dot the surface of the juicy edible

portion, which is also only an enlargement of the

top of the peduncle. Again, the fig (Fig. 2) has
its real fruits inside the more prominent outer

portion, which consists simply of the expanded and
liollowed-out top of the stalk, containing within it

the seed-like fruits. In the " hip " of the dog-rose,

the fruits are the seed-like bodies inside the soft

edible outer covering, which is also an expansion of
the fruit-stalk. It thus appears that, according to
the botanist, a fruit need not be edible, or even
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soft, but simply the mature pistil including the

ovary,* containing inside it the seed or seeds,

which are, again, the ovules fertilised by contact

with the pollen. There are, however, exceptional

cases in which the

fruit is ripened

although the seeds

are abortive. A
very familiar in-

stance of this is

aflbrded by the

Corinth grapes

from which Co-

rinths or cur-

rants" are made,

the Muscatel
grapes, and the St.

Michael oranges,

all of which are

diminutive and

almost " stone-

less." In other

words, the seeds Fit:.

inside these fruits

are in the form

of ovules. Nor is it universally the case that the

fruit matui-es in the air. The gi-ound nut (Arac/iis

hypogcea), the allied genus Voancheia of Surinam,

and a species of the clover gen.\\?.{Trifolhun snhterra-

neum), after their ovules have been fertilised, bury
themselves in the ground, and if anything interferes

to prevent this, the fruit withers aAvay and dies

* "A Primrose :
" " Science for All," Vol. II.. p. 219.

Lougitudinal Section of Fi|f, show-
iiii^ Fruits iu the centre of the enlarged
mil hollowed Fruit-stalk.
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without ripening. The fruit being, therefore, only

the matured pistil—or practically the matured

ovary-—a description of the one applies with

modifications to the other also. Like the pistil, it

is made up of one carpel or of several coalesced, or of

a number of carpels separated one from the other.

The parts of the ovary, however, get altered in

the process of ripening, until it is sometimes diffi-

cult to detect them in the fruit.

Take, for example, the cherry

(Fig. 3), peach, plum, or any

other stone fruit. Here we see the

walls of the ovary have become

swollen, and in the process of

maturation developed the sugar,

juices, and fine flavours which

give these fruits their edible

value. There are, in reality, in,

^lee'ion otTSy! ^^t US Say, a peach, tln-ee coats,

showing the three Tjje outer One is the skin which
coats of the imit-
•naii (the outer skin, slUTOunds everv part of a plant,
the niidcUe fleshy / .

toat, and
^
the inner the Surface of the stigma ex-

with the seed in the cepted ; the middle is the pulpy

or fleshy layer ; while the inner-

most is hard and woody, and constitutes the

" stone." Inside this stone is the seed itself

Now all these parts can be traced in any true

fruit, though sometimes, as in the case of a

grain of wheat, Avhich is a fruit, the walls are so

excessively thin, that the seed to which this

covering is firmly attached is the most prominent

and valuable part of the structure. Take, again,

the pod of a pea. In this fruit we have the outer

skin and the middle fleshy coat, while tlie inner

layer which lines the pod is not, as in the stone

fruits, marked by the deposition of " lignine " in

its cells, but is a thin parchment-like membrane.

There are, however, exceptional cases in which

the middle layer of the fruit does not constitute

the pulpy portion. For instance, in the mulberry,

rose, and apple, the edible part is formed by

the calyx and fruit-stalk, either alone or con-

joined with the ovary. Again, in the juniper

and yew the scales become fleshy, and con-

stitute the " berries " of these trees and shrubs,

though these juicy scales do not, as in the yew,

always cover the seed, the point of which protrudes

through the end of the rosy fruit-covering. Such

a fruit is, however, no fruit at all, for a fruit can

only be constituted by the wall of the ovary, and,

in the order of plants to which the firs, pines, yews,

and cypresses belong, the walls of the ovary are

wanting, .and the modifications of scales referred

to are employed to cover the naked seeds. In the

almond, the middle coat is not fleshy as in the

peach, but of a thin, almost leathery, consistence.

However, in the variety called the peach-almond

the stone is covered, not by the "husk," but by a

pulpy flesh which is edible.

As a rule, the calyx and corolla disappear after

the pollen has fallen on the stigma and fertilised

the ovules, and the life of the plant has become

concentrated in these immature seeds. Then, also,

the style and the stigma, when the former is

wanting, also fade, though in one or two cases

they remain attached to the fruit in a shrivelled

condition, and in some plants, like the clematis,

the anemones, and the herb-bennet (Geum urha-

num), they even take a new development, and

become a marked addition to the fruit. In

the clematis, or traveller's joy, for example, the

styles take the shape of the long feathery awns

which have given the common species (Clematis

vitalha) of our hedges the popular name of " old

man's beard." In the strawberry and geum,

among other plants, the

calyx remains after the

fruit has ripened, and in

the former plant is fa-

miliar in the form of the

ruflT-like circlet of little

leaflets which surround the

base of the so-called fruit.

In the apple and pear the

calyx may be seen in the

end opposite the stalk in a

more or less shrivelled-up

condition, and, indeed, as

we have already explained, may be considered as-

forming, by the expansion of its tube, or by

the expansion of the stalk of the flower on

which it is situated, the fleshy portion of the-

frait. In the raspberry (Fig. 4) and the mulberry

(Fig. 5) the fruits look very much the same. But

a short examination will show how diflerent they

ai'e, for while in the former the calyx remains

quite distinct from the fruit, in the latter it gets

united with each of the little fruits and forms part

of it. In the Gcmltheria, the berries of one species

of which are so familiar to every traveller in North-

west America as the " Salal," the calyx becomes, to

all appearance, a part of the fruit. Carefully

watching the progi'ess of growth, and dissecting

the parts instead of eating them, the real fruit

will be found to be a dry pod within the pro-

minent outer one. Another false fruit is the

Easpherry.
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P;g. 5.—Mulberry.

so-called winter cherry, which forms snch a

familiar ornament of dinner-tables. It is, of

course, no connection of the cherry, being much

more nearly allied to the potato, the tobacco plant,

the cayenne pepper shrub, and the thorn-apple, the

only gi'ound for its popular name

being the round, cherry-like fruit

which gives it its value as an

ornamental slirublet. However,

this " indusiiim," as it is called,

is not really a fruit prope)", in so

far that the cherry-coloured cover-

ing is simply a fleshy calyx con-

cealing the humble fruit within.

In other " fruits," so called—the

Hovenia dulcis of Japan, for ex-

ample—the portions eaten under

that name are only the swollen peduncles, the edible

portions thus having even less claim than the

.strawberry and apple to the botanical designation

wliich they usurp. Finally, in the pine-apple, the

fruit is even more complex, for it is a union of

a great number of fruits, in which the seeds are

abortive, combined with the bracts, or leaf-like

organs sometimes found beneath the flower.

These and other modes of forming real or simu-

lated fruits have given rise to a great number of

forms, which have been characterised by names,

sometimes useful, still more rarely necessary, and

most frequently perfectly super-

fluous. For instance, there are

among the dry fruits mits like the

acorns, and achenes like the fruits

of buttercups (Fig. 6), and the so-

called "seeds" of grasses ("cary-

opsis," as sometimes called), and the

ordinary cereals, most of which are

only different species of grasses.

Then there are follicles, as in the

hellebore and aconite (Figs. 7 and 8) ;
legumes, as in

beans and peas (Fig. 10) ;
siliquas (Fig. 9), as in the

wall-flower, turnip, and plants of that order ; and

capsules (Figs. 11, 12), as in the poppy, tulij),

rhododendron. Finally, not to multiply the long

j\rray of names, there are among the succulent

fruits drupes, as in plums, cherries (Fig. 3), and

peaches ; and berries, as in grapes, oranges (Fig.

13), and gooseberries. But any classification

of fruits yet formed is purely artificial, and only

serves the puqwse of artificial classification—viz.,

as an aid to the memory and an index by which
the stores of real knowledge may be got at.

A much more interesting inquiry is that which

rig. 6.—Acliene o£
the Butterciiii.

concerns the changes which the ovary undergoes

during the period at which it is ariiving at

maturity, or, in more f;' miliar language,

ripening. Here, again, the reader must

be reminded that a fruit is only an adult

ovary, and that, theoretically at all events,

its structure ought to be the same as that

of the organ of which it is the complete

development. As a rule, during the

period which begins after the ovules

have become fertilised, the wall becomes

sapi)ier and more swollen, and the ma-

terials within considerably enlarged. Fig. 7.—

though the dry, membranous pod of the carpeiof

bladder senna is quite as much a fruit ^fowhig

in the botanist's eyes as the luscious
pon-J.fe*'

guava, and perhaps even more so than

the monstrous Duchesse pear, one of which com-

mands in the London market about as much as a

labourer can for a week's work.

The skin of the fruit is, of course,

the epidermis, of which we have

already had enough to say (Vol. I.,

p. 20), and in nearly every respect

agrees with that thin covering as

found on the leaf. It has stomata

and chlorophyll, and in all respects

pei'forms the functions of the epi-

dermis, though in some fruits the

glossy appearance of the skin is

due to the deposition of a delicate tiie Acouite.com-

T n • -i 11 1 •! ii posed of three
layer 01 wax in its cells, while tJie carpeis (Foiii-

colour of, say, a "rosy-cheeked apple"

is caused by some alterations in the chlorophyll

of much the same nature as those

which take place in leaves when
they assume their golden-yellow

and russet-brown. Again, as we
have seen, the walls of the ovar}',

which in an early stage of the

plant's life were comparatively

juicy, may become rapidly hard and

dry, owing to the loss of the sap,

though, in the case of most edible

fruits, the contrary operation is un-

dergone ; or the outer portion of the

ovary wall remains soft and pulpy,

while, as in the case of stone-fruit,

the inner one, originally soft, be-

comes hard and stone-like. The

way the fleshy parts of edible fruits

increase in amount is by the cellular

tissue (Vol. I., p. 295), which is the component

Fig. 9—Siliqua of
the Wallflower.
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material of the soft parts of every plant or organ

jf the i)lant, receiving, under the stimulus of light

and warmth, a tendency to rapidly develop, by the

addition of one little bladder-like cell to another,

until the mass of puljjy material

—

such as can be seen in an orange

—

gets enlai'ged. At the same time,

the woody fibres, which were origin-

ally contained in this part of the

fruit coat, get attenuated, partially

absorbed, and lost in the midst of the

mass of soft matter. The extent to

which this is the case is important

if the fruit is to be eaten, and, ac-

cordingly, low-class pears are fre-

quently said to be woody, a term which

needs no explanation. There is,

indeed, always a tendency in nature

to revert to the wild type. The

aim of the gardener may be de-

scribed as a desire to produce cellu-

lar tissue in preference to woody

fibre, and the more of the one and

the less of the others there is the

more succulent will be the pot-herb

or the fruit. Yet in cutting across

a pear the reader must often have

felt the edge of the knife grate

against some hard particles in the

midst of the soft "flesh." These

gi'itty specks were cells which had displayed an

inclination to retrograde, by accumulating in theii*

interior, not sugary sap and

fragrant ethers, but " lignine,"

such as that whicli makes the

once soft inner layer of the

ovary wall of the peach hard

as stone.

But there are during the

process of ripening chemical

changes going on quite as

important as the physical ones

to which we have alluded.

An unripe apple is, for ex-

ample, sour ; a ripe one sweet.

One pear is, again, of the

most delicious flavour; another

is tasteless and unpalatable,

rig. II. — Capsule of the Finally, to keep to the same
Tulip, composed of three . -

Carpels. scrics 01 examples, a crab-

apple from the hedgerow is so

acid that it " draws the mouth together
;
" while a

Normandy pippin is so sugary that it seems scarcely

Fig.lO.—Legume
of the Pea.

allied to the first-named fruit. All these differences

are due, first, to cultivation, and, secondly, to the

changes which go on in the walls of the ovary

during the process of ripening. Bi-iefiy, these

changes may be characterised by saying that the

amount of sugar con-

tained in the cells be-

comes greater, while the

acids, starch, and tannin

proportionately diminish.

These facts may be

guessed at by the rough

analysis of the tongue.

A green fruit acts like

a leaf : under the action

of the sun it gives out

oxygen. But when ripe,

the respiratory function

alters, in so far that car-

bonic acid gas (carbon

dioxide of the modern

chemist), is exhaled,

while oxygen is absorbed.

In chemical composition

fruits at an early age Fig. 12.—Capsule of the Poppy.

agree very closely with

leaves, just as we have seen that their

structure and functions are very much the same.

This is, however, in the earliest stages of their

growth. By-and-by they become sour from the

Fig. 13.—Transverse Section of an Orange, showing the form of

Berry sometimes called Hesperidium.

production within their cells of tartaric acid (as in

grapes), citric (as in lemons, oranges, and cran-

berries), malic (as in apples, gooseberries), (fee, and

at this period give out little, if any, oxygen. But

in time a change takes place. Tannin and

these acids disappear, or become much reduced in

quantity, while, as the ripening goes on, sugar

becomes notably increased in amount. At the
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same time, the fibrous and cellular tissues diminish,

the sugar being, to some extent, owing to chemical

transformation, produced at their expense. The

gummy, mucilaginous, and gelastinous matters are

also capable of being converted into sugar. Thus,

if apple jelly—that is, the pure jelly of the fruit

—

be treated with a vegetable acid, and dissolved in

water, a sugar much like that in grapes is obtained.

But though this is the regular rule, there are some

curious disparities in carrying it out. For instance,

in apricots and pears, malic acid keeps diminishing as

the fruit ripens, while in currants, cherries, plums,

and peaches that acid augments during the same

period. Again, in currants, cherries, plums, and

pears gum keeps diminishing ; while in apricots

and peaches it augments, and so on.

And here it may be iiseful to glance at the

changes which take place in green fruits during the

operation of cooking, for the application of artificial

heat exercises much the same influence upon them

as the more moderate influence of sun and light.

That is, the acids and mucilaginous products,

reacting on one another by the aid of heat, are

converted into sugar.

Bassorin, salep, and pectine are all modifications

of vegetable jelly, and along with sugar thei'e is

produced during the process of cooking a similar

jelly in fruits, which has nearly the jiroperties of

starch when this has been altered by hot water.

When dry, it is horny or cartilaginous, and when
moist it swells up, becomes gelatinous, and can be

dissolved in cold water. Finally, it might be added

that in some fruits the sugar is liquid ; in othei-s, as

forexample the grape, fig, and peach, partly concrete;

and that in a third series, notoriously that to which

the olive belongs, oils accumulate during the process

of ripening. To sum up, it might be said in general

terms that the production of sugar keeps pace with

the ripening of fruits. But when succulent fruits

are mature, the sugar in its turn undergoes a pro-

cess of oxidation, or chemical burning up, which

induces a series of changes, which finally culmi-

nate in the rotting of the fruit.

The fruit during the process of ripening requires,

like the flower, a large amount of sap to siipport it.*

Hence a plant which begins to flower and fruit

early rarely produces large fruits, and is sometimes
killed after the first efforts have exhausted the

strength of its constitiition. Gardeners, being aware
from experience of this peculiarity in vegetable

physiology, nip the flower-buds of rare fruit-trees,

until they have acquired sufficient vigour to bear

* "Flowering :
" " Science for All," Vol. III., p. 20.

the strain of fruiting, and when they wish a tree to

produce large and juicy fruits they prune it of all

superfluous wood wliich might use up the nourish-

ment required for the support of the flowers aud fruit.

It may also be remai'ked that the fruits of young

St. Michael orange-trees are often fully seeded.

It is only when the tree is getting old and feeble

that the seed ceases to be matured, and tlie fruit,

accordingly, to be valued for that very reason.

When the fruit is sufficiently ripe, it falls, owing to

the gradual contraction and final snapping of the

stalk by which it is attached to the tree—just what

we have seen happens in the case of the leaf, for

then no further sap is required for its support.

But, as we shall see by-and-by, many fruits open

in various cuiious ways in order to liberate the

seeds, which though considered apart from it, are,

of course, part and parcel of the fruit, and by far

the most important part also. Accordingly, either

immediately before the fruit falls, or soon after

this event takes place, the " dehiscence " of the

fruit enables the seeds to enter the ground, and

thus perform their function in the economy of the

plant. But there are numerous fruits which are

" indehiscent "—that is to say, they do not open.

Among these are the greater number of edible ones,

such as apples, pears, beiTies, and stone fruits. In

these cases the fruits fall to the ground when they

are ripe, and in due time rot, and thus permit

the seeds to escape into their destined element.

Before, however, the process of putrefaction sets^^

in, or rather immediately after the oxidation, which

is its first stage, has begun, the fruit is "bletted."*

This " bletting " is the intermediate stage between-

maturity and decay, and is that yellowish woolliness

of the fruit familiarly known as " mellowness."

When the fruit is fully ripe the matei-ials within it

are as complete as they ever will be, and the cell

contents have become tolerably equalised. The

water in the fruit has grown less and less, owing to •

less and less being absorbed as maturation has pro-

ceeded
;
and, in brief, everything is so perfect that

the only change must be retrogression, for no

organised being ever remains perfectly stUl. This-

overthrow of the balance of nature is accomplished

by bletting, which may be concisely explained ini

the words of the famous Genevan botanist, M.
Alplionse de Candolle :

—" After the period which

is generally called that of ripeness, most fleshy

fruits undergo a new kind of alteration—their

* This is a con\ enient word, Anglicised by the late Prof.
Lindley from the French blesse, a word signifying that
bruised appearance we see in some fruits.
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flesh either rots or hlets. These two states of de-

composition cannot, according to Berard, take

place except by tlie action of the oxygen of

the air, although he admits that a very small

quantity is sufficient to cause it. He succeeded

in preserving for several months, with little

alteration, the fleshy fruits which were the sub-

ject of experiment (apricots, currants^ cherries,

greengages, peaches, pears), by placing them in

hydrogen or nitrogen gases. All fruits at this

extreme period of their duration, whether they

decay orwhether they blet, form carbonic acid with

their own carbon and the oxygen of the air, and

moreover, disengage from their proper substance a

certain quantity of the carbonic acid. Bletting is,

in particular, a special alteration. This conditionis

not well characterised in any other fruits than those

of Ebenacese [Ebony order, to which belong the

Diospyros, or ' persimmon,' of the United States]

and the Pomacese [or apple order]. Both these

natural orders agree in their fruits being austerely

sour before ripening. It would even seem, from

the fruits of the persimmon, the sorb, and the

medlar, that the more austere a fruit is, the more

it is capable of bletting regularly." ladeed, a

medlar only becomes edible after having undergone

the process of bletting. At first it is sour and

astringent, but during its bletting it loses its acid

and tannin. It has been found that a Jargonelle

pear in passing to this state loses a great deal of

water (83-88 reduced to 62 '73), a good deal of

sugar (11-52 reduced to 8-77), and a little lignine

(2-19 reduced to 1'85), but acquires rather more

malic acid and gummy matter. Lignine, in par-

ticulai", seems in this kind of alteration to undergo

a change analogous to that of wood in decay. The

practical deduction from this is that if fruits are

kept in closed vessels, in an atmosphere free from

oxygen, they wUl preserve for a miich longer

period than they otherwise would. A simple pro-

cess is said to consist in " placing at the bottom of

a bottle a paste formed of lime, sulphate of iron,

and water, and afterwards introducing the fruit, it

having been pulled a few days befoi'e it could have

been ripe. Such fruits are to be kept from the

bottom of the bottle, and as much as possible from

each other ; and the bottle is to be closed by a cork

and cement." The fruits are thus placed in an

atmosphere free from oxygen, and may be j^re-

eerved for a period varying with their nature. For

instance. Dr. Lindley, whose description has been

quoted, notes that peaches, prunes, and apricots

have by this method been kept good for from twenty

days to a month, and pears and apples for three

montlis. If they are \vithdrawn after this time, and

exposed to the air, they j-ipen well ; but if the times

mentioned aremuch exceeded they undergo a particu-

lar alteration, and will not ripen at all. This leads

ustoremark that apples, pear.s, cherries, gooseberries,

currants, and the like continue to live after being

taken from the trees and bushes, for it has been

shownthat they absorb and exhale carbonic acid gas,

and ripen. But, if we are to adopt, in a question

on which there are several views, those of M.
Pasteur, in time, the fruits being prevented from

alDSorbing oxygen, they begin to assimilate it from

their own tissues, an alcoholic fermentation

commences, and the fruit becomes soft and pulpy.

In short, it rots. Fruits also may, by being covered

with wax, be prevented for a time from putrefying.

If the aj^ples are very acid, they may, being exposed

to light and air, become sweeter, and vice versa. In

selecting wild fruits for cultivation sour varieties

should be selected, for it is the propensity of cul-

tivation to develop sugar, and to render fruits at all

well-flavoured a certain dash of acidity is requisite.

How long does a fruit take to ripen 1 In the case

of a grass, it takes only a few days; and in some

Compositse, like dandelions, the process of matura-

tion seems about equally rapid. But even gi'asses

vary among themselves as to the period required

for ripening their fruits, or, as they are called

commonly, " seeds." In some, such as tha fescue

grass, the common quake gx'ass (Briza media), the

wild oat, &c., from thirteen to seventeen days,

according to the season, are requisite ; while the

bent {Ehjmus arenarius), &c., take from forty to

fifty-seven days. Many of the Coniferse (fir, pine,

and cypress order) take more than a year ; the

mistletoe takes nine months, and the majority of

the fruits of temperate climates occupy from three

to six months in bringing the ovary fi-om the period

wlien the ovules are fertilised to the condition of

maturity known as the ripe fruit.

A fruit we have hitherto considered mainly as a

fruit-wall, the materials which this wall encloses

being, for convenience' sake, left out of account. It

is, however, needless to say tliat the seeds are part

of the fruit, and after all, so far as their botanical im-

portance is concerned, the most important part of it.

The various modes in which the fruit opens—when

it does open—the nature of the seed, its sprouting,

and the modes which are adopted in nature to

permit of its being scattered over tlie world, are

all extremely interesting, but may be best discussed

by themselves.
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COOLING.
By William Du

THAT a body may be made hot, and by being

exposed to air of a lower temperature than

the medium through which it was warmed, be

again cooled, is of course a very familiar fact to

every one.* The nature of this operation, both

from a scientific and a practical point of view, is,

however, of no small interest.

There are two ways in which a body may cool.

It may radiate its heat away into space just as,

for instance, a kettle of boiling water placed in the

middle of a room loses its heat by radiation, or it

may part with its heat to some other body which is

actually in contact with it
;
thus, if we put our

hands into cold water, we are conscious that they

are losing heat which is passing into the water
;

if,

on the other hand, we put them into hot water, we

are conscious of receiving heat which the water is

losing. Generally speaking, both phenomena ai'e

exhibited in the cooling of any body. Thus, in the

case of the kettle, before the heat radiates from its

surface it has to pass from the water through the

metal of the kettle, where we have the heat passing

from one body to another in contact with it. Nov/,

when heat passes through a body in this way, we
say the heat is conducted through it. Thus, in

the case before us, the heat is conducted from

the inside of the kettle through the metal to

the outside, and is there radiated away. The
capacity, then, of any body of allowing heat to pass

through it in this manner is called its " con-

ductivity." The following experiment will throw

light on the preceding remarks :—An earthen-

ware teapot was filled with v/ater at 120" Fahr.,

and placed on the centre of the table. The tem-

perature of the room was 58°. After standing one

hour the temperature of the water had ftiUen 32'

—

that is, as much heat had been conducted through

the earthenware, and radiated into space, as would
have raised the water in the pot 32°. The teapot

was now emptied, and refilled with water at 120", as

before, but this time after being placed on the

table, it was covered by a "tea-cosy." After standing

one hour its temperature was found to have fallen

only 16°, or one-half of the amount of the former
experiment. Now we see by this experiment that

the "cosy" reduces the outflow of heat j it does not

nllow so much to pass through it as jiassed through

* " Getting "Warm :
" "Science for AU," VoL III., p. 2G3.

RHAM, F.R.S.E.

the earthenware teapot alone. We might vary this

experiment, and instead of a hot body use a cold

one—say a piece of ice. If we placed the ice in the

room, and noted how long it took to melt when
uncovered, and then how long it took to melt when
covered with the " cosy," we should find the time

much longer in the latter case than in the former

;

and as we know ice melts by absorbing heat, we
should understand that the ice took longer to melt

when under the " cosy " because the " cosy " did not

allow the heat of the room to pass rapidly through,

but reduced the supply which the ic>3 could receive.

The " cosy," then, may be looked upon as a sort of

damper, stopping, to a considerable extent, the flow

of heat in either direction, just as we put down a

sluice-gate to leduce the flow of water in a mill

lade; and we exj^ress this fact by saying it is a bad

conductor of heat, or that its conductivity is small,

If we made covers for our teapot of various sub-

stances we should find a great difierence in their

conductivities. Some would conduct the heat away
rapidly, and others slowly, like the " cosy."

This fact, that conductivity for heat varies in

different substances, has long been taken advantage

of by man, although he has paid little heed to the

scientific view of the question. Thus our bodies,

for instance, being kept at a temperature above that

of the surrounding aix', radiate heat away, and

would rapidly cool were it not for the constant

renewal of the supply by the oxidation or burning

of food in the system. Experience, howevei', very

soon taught man that to allow the radiation to go

on without any check might result in serious con-

sequences ; therefore he adopted the plan of reducing

the cooling process by covering himself with some

bad conducting material, such as the skins of animals,

and, as his knowledge and experience grew, with

woven woollen garments ; in fact, he put a " cosj-

"

over his naked body, with very comfortable results,

as Ave all know. Nature does for the lower

animals what man does for himself, and covers

them with bad conductors, such as haii', wool, etc.

It is rather instructive, by the way, to note that

the animal which is gifted with sufficient intelligence

is left in this matter to shift for himself, and with

the best results, as the needs of the body stimulate

the mental faculties in a remarkable manner.

It is not, however, in clothing alone that the
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importance of the study of conductivity appears,

but also in ovir manufactures, where inattention to

its principles may cause the loss of hundreds, or

even thousands of pounds every year. Thus, con-

sider the steam-boilers in use all over the country

in such countless mimbers. Every one of them is,

in principle, exactly the same as the teapot filled

with hot water, and will radiate away heat from

its surface very rapidly unless means be taken to

check this. If we take our simple and rude ex-

periment as even an approximation to what occui'S

with boilers, we see what a serious matter it is.

Consider the quantity of water contained in these

boilers, and that eveiy hour they may radiate heat

so as to lower the temjierature of the water 32°, and

let us calculate the amount of energy or power of

doing work that may be lost in this way. Suppose

the teapot contains one pound of water, and that it

loses 32° of heat in one hour. Now, it has been

shown that the amount of heat required to raise

one pound of ice-cold water one degree is equivalent

in mechanical energy to raising 772 lbs. weight

through the space of one foot. It is near enough to

the mark, then, to say that the hot water in the tea-

pot has lost in one hour as much mechanical energy

as would raise 772 x 32 = 24,704 lbs. one foot. Now
a ton of water in precisely similar conditions would

lose as much heat as would raise 24,704 tons one

foot high. This shows the enormous amount of

<waste that may go on
;

for, of course, loss of

.mechanical energy means waste of fuel. A know-

ledge, then, of the laws of conductivity, and of

-cooling generally, is of the utmost importance in

• an economical point of view.

Hitherto we have considered how to keep a

\body from cooling too rapidly, but it sometimes

happens that we wish to cool some substance as

rapidly as possible, and here again a knowledge of

the laws of conductivity renders inestimable

assistance. Of all substances the metals are

generally the best conductors of heat ; the metallic

^art of a hot-water kettle we may not be able to

touch, while the bone or ivory handle may be quite

cool. When we touch metal either much hotter or

much colder than ourselves, we quickly feel the

result, and get more readily burnt or chilled than

when we touch, say, a woollen cloth at the same

temperature. We may easily prove this by

putting a piece of iron and a woollen cloth in the

open air on a cold winter day, and after they have

been reduced to the same temperature as the aii',

touch both : the iron will feel mucli colder. The

reason of this is that the iron conducts the heat of

Fig. 1.—Showing the Con-
ductivity of Copper.

the hand most rapidly away, and we feel the chill

quickly in consequence ; while the woollen cloth,

being a bad conductor, does not allow the heat of

the hand to penetrate it so quickly, and conse-

quently we do not feel the sudden chill. If we

wish, therefore, to cool a body rapidly we may
give it a metallic cover. Thus (Fig. 1), if we

make a spiral of stout copper

or iron wire about half an

inch in diameter, and put it

over the flame of a candle like

an extinguisher, the flame will

be extinguished, because the

copper, by its great con-

ductivity, cools it so rapidly

that the temperature falls below

the igniting point. A valuable

application of this principle is found in the Davy

lamp. The danger in coal-mines from the

explosion of fire-damp, as it is called, would be

entii-ely obviated if the temperature of the mixture

of air and fire-damp could be kept below the

igniting point ; but the miners must have lighted

lamps in order to see to work, and where these

lamps burn the mixture will be raised to the point

of ignition. Now let us take notice of the lighting

of an ordinary gas-burner when the gas is turned

on. We take a blazing match or paper and light

it, but it will not light if the match is not ixi flame,

nor will it light if we apply a metallic wire at a

low red heat, which is not suflicient to raise the

mixture of gases to the igniting point. Now Davy

merely surrounded the flame of the lighted lamp with

metallic wire, which conducted and radiated away

the heat of the flame so rapidly

that it was never hot enough to

raise the mixture of gases outside

of it to the point of ignition ; it was,

in fact, putting a cooling " cosy
"

over the lighted lamps, and yet

allowing sufficient light to get

through. A very simple experi-

ment will illustrate the principle

of the lamp. Take (Fig. 2) a piece

of copper wire gauze three or four fig. 2.--iiiustrating
^ ^ ° . the Priuciple of

inches square, hold it one or two the Davy Safety

inches above a gas-burner, then turn

on the gas and apply a light above the wire, when the

gas will be immediately lighted there, but the flame

will not pass through and light the gas at the

burner. The rapidity with which metal conducts

heat away may be very well shown by wrapping a

handkerchief very tightly and evenly round a
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polished ball of metal and holding it in the flame

of a candle ; the liandkei'chief will not be burnt

for a considerable time, as the metal takes the

heat from it so rapidly that it does not readily

rise in temperature to the point of ignition. If,

liowever, we repeat the experiment, substituting a

wooden ball for the metallic one, the handkerchief

will be burnt directly.

Having thus generally considered conductivity

and its action on cooling, we sliall now describe

the manner in which its laws are studied, which

v/ill enable us to understand its nature more

thoroughly. In the article we referred to at the

•conmiencement of this paper there is a general

method described of testing contluctivities, and a

very simple experiment, which any one may
perform, will illustrate this. Take a bar or stiip

•of coi)per and a similar one of iron, ^"-lace them end

to end, supported as in Fig. 3, stick a little bit of

^ _ candle on each
Copper' ijft. Jron/

at the same

distance from

the end, apply

heatbyalamp,

and note from
Fig.3.—A MethoiT of Testing tlxeCondiTctivities i,- i, i, ,„ xi „

of Metals. which bar the

bit of candle

drops first, and the time each takes before the

candle drops will give some notion of their relative

-conductivities. The copper will be found much the

better conductor.

In this and in all similar experiments, however,

we demonstrate rather tlie conduction of tem-

perature than of heat. A little consideration

will convince us of this. It has been shown
(Vol. III., p. 269) tliat all bodies do not require

the same quantitij of heat to raise them to the

same temperature ; water, for instance, requiring

nbout thirty times as much as mercury. Now, in

the experiments with the metal strips or rods,

filthough the temperature travelled faster along

the copper than along the iron, we do not know
from the experiment Avhetlier this might not arise

from the copper rec{uiring less heat than the iron

to raise it to the temperature at which the wax of

the candle melted. An analogy may help us to

xuiderstand this. Suppose two pipes of ecjual

length bent upwards as a syphon, one double the

diameter of the other, and we poured water at the

same x'ate into each, the water in the smaller one

would rise much more rapidly than the water in

the larger. Now the height of the water in the

pipes might represent the temperature, while the
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quantity of water would represent the quantity of

heat passing through the pipes, so that when both

pipes were filled, although the height to which the

water rose would be the same in both, the quantity

would be much greater in the larger one.

Although these experiments, in a general way,

give us an approximation to relative conductivi-

ties, we want some more precise information.

We must have, in the first instance, a standard

unit of heat to measure by, just as wo have our

standard pound weight by which to weigh. The

standard adopted is that amount of heat which

will raise one pound of ice-cold water 1^. Now in

ascertaining the conducting power of any substance,

we want to know how many of these units of heat

it will allow to pass or flow, say, through one

squaie inch in one minute. In this way we can

compare the conductivities of various metals and

other bodies, just as, for instance, our tea-cosy

allowed sixteen sucli units to pass througli it in

one hour, and we should know its conductivity by

dividing this by the square inches on its surface,

and by sixty to reduce the time to minutes,

supposing the conduction to be regular. As we

require to measure conductivity at hightemperatures,

water would not be suitable as a source of heat, so

the following arrangement is adopted. A long

bar of metal is taken (Fig. 4), A B. The end A

is heated by means of a furnace or bath of molten

metal, just like a poker thrust into the fire. Of

course it soon gets hot by conduction, being hottest

at A, and gradually cooler towards b, which is at

the temperature of the room. Thermometei's are

inserted in little holes, «, h, c, d, e, drilled in the

bar at regular intervals from A to B. That at A,

of course, indicates a higher temperature than that

at B, and there is a regular gradation between the

two, and after a little time the temperature of the

various thermometers gets steady and invariable,

and a Ime joining all forms a curve something like

that shown in the figure. Now, it is evident that

there must be a regular flow of heat along the bar

from A to B, because the bar is continually losing

heat by radiation into the room, and yet its

temperature remains steady, and if we can measure

the quantity of heat Avliich is being radiated from

tlie bar we know how much heat is flowing along,

just as, for instance, we know the quantity of

water that is floAving through a pipe kept always

full, if we measure the quantity that the pipe is

discharging at its outlet. Further, we know this

amount of flow is between the temperature of A

—

say it was 300"'—and the temperature of b—say
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at 60', or a difference of 240". This would be

analogous, again, to the Aow of water a t a certain

rate wlien the liead of suj^ply was a certain number

of feet above the outlet. There is one important

Fig-. 4.—Method of Testing Conductivities at Higli Temperatures.

difference, however, between the flow of water in a

pipe and the flow of heat on the bar ; the water

discharges itself only at the outlet at the end of

its length, while the heat is discharged at every

part of the length of the bar, so that to get at the

quuntity of heat we must study the radiation at

all parts. We therefore examine it in parts, say

an inch of its length between c and D ; the ciirve

gives us the difference in temperature, and we have

to find out how much heat is radiated at this

temperature in one minute. To ascertain this, a

small bar of the same material is heated up to the

highest tempei-ature indicated at a, and then

allowed to cool, and the rate at which it cools is

carefully noted at regular intervals of, say, one

minute. Knowing, then, the capacity for heat of

the substance under experiment, we know the

quantity of heat it loses as it sinks 1° in

tem2>erature, and from this and the heat curve on

the larger bar we can readily calculate the

conductivity at the various temperatures of the

exjjerimeut. From exjDeriments conducted in this

manner the conductivity of the various metals

was very accurately determined, and placing

silver, which is the best conductor of heat, at the

head of the list, the following represented the

conductivities of the metals :

—

Gold .

Tin .

100-0 11-9

73-C 8-5

53-2 Platinum . . . 8-4

U-5 Bismuth . . 1-8

We see from this that the range is very

considerable, silver being about sixty times better

than bismuth as a conductor of heat. The list

also shows us the necessity of experimenting in

this rather than in the simple manner already

described, because, if we take iron and bismuth.

we should find that temperature ti-avels faster alono-
- O

the latter, while we see from the table that the

former conducts the greater quantity of heat.

These experiments brought out another fact,,

viz., that metals conduct heat better at a low

temperature than at a high one. It was soon

pointed out that there was a remarkable similarity

between the conduction of heat and the conduction

of electricity. The order in which metals conduct

electricity is very much the same as that for heat,

and, moreover, metals conduct electricity better at

low than high temperatm-es. Professor Tait, how-

ever, has shown that it is only in some
metals that the conductivity for heat is

lessened by increase of temperature. This-

is rather surprising and unexpected.

Owing to the setting up of currents by
heat, it is not easy to measure the conductivity of

liquids and gases
;

indeed, so far as gases are con-

cerned, next to nothing is known as to their

conductivities.

That water is a bad conductor may be shown by
filling a jar with water and j^lacing a " differential

thermometer" within it, then on the top a vessel of

boiling water or oil. The heat from this will

penetrate very slowly into the water beneath, so

that it will be long before the thermometer will

be affected.

Among solid bodies the worst conductors are

powders, from their want of continuity
;
sawdust,

for instance, being a very bad conductor, also wool,

feathers, &c. This, possibly, arises in great part

from the air which these bodies retain ; the heat

has to pass from the substance to air and from air to

the substance many times, and, as air is an exceed-

ingly bad conductor of heat, this greatly retards its

flow. This is somewhat the same action as obtains

with double doors and windows ; the air retained by

these arrangements acts as a barrier to the escape

of heat. Eocks, stones, &c., are bad conductors of

heat, and some crystals conduct it better in one

direction than another. In fibrous substances, also,

such as wood, the conduction varies with the direc-

tion of the fibres.

In considering these various j^henomena, we

observe that, as a rule, closeness and uniformity of

texture seem to be allied with good conducting

capacity, and this is quite in keeping with what "we

should expect, since we know that heat is a vibra-

tory motion connnunicated from one jjarticle of

matter to another, and we can understand how the

vibration passes more easily when all the particles

are of one kind and in close proximity.
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Tlie effects of radiation on the cooling of any

.body have been sufficiently dwelt on ;* bnt it may,

perhaps, be mentioned that a body at a high tem-

perature cools by radiation more rapidly than one

. at a low temperature ; thus a kettle of water at

212" will lose more heat in a given time than one

at 100°. The difference between 212° and the

temperature of the room being much more than

that of 100°, there is, as it were, greater pressure

urging the heat away.

There is an intei-esting application of the laws of

conduction and cooling to the question of the age

of the world. As is well known, geology has

proved the world to be of immense age, but hitherto

lias not been able to fix any definite limit to that

age. Su- "William Thomson has attempted to

solve this problem, and although his conclusions

liave by no means been generally accepted, yet they

are interesting as pointing out a method by which,

iis knowledge increases, we may get the desired

information. There is little doubt that the earth

is a cooling body, and that in the ages past its

temperature must have been much higher than it

is at present. The reasons for this conclusion have

.already been pointed out in this woi'k (Vol. II.,

p. 111). The question, then, is, can we, from our

knowledge of the laws of conductivity, of lieat, and

of cooling, say how many years have passed since it

was in a molten state, and when its outside crust

was first formed 1

Let ns consider our homely illustration of the

tea-pot filled with hot water
;

suppose we found

it to lose 32° in the first hour, 24° in the second

liour, and 18° in the third, and further, that we
knew the water was boiling, or at 212°, when first

exposed to cooling, and on examining it we found

its temperature to be 1-56°, we would know it had

been cooling for two hours, or if it were 138', that

it had stood three hours. Now, this is just the

principle we ap])ly in studying the cooling of the

earth; but as the earth is a solid body formed of

various materials, the problem is much more com-

plex. Were we, instead of our tea-pot, to take an

iron ball and heat it thoroughly up to a red heat,

: and then let it cool, we should find after the lapse

of some time that the centre would still be at a red

heat, while the outside would be black and compa-

ratively cool, and the temperature would regularly

increase as we penetrated inwards, and, as in the

case of the metallic bars of our experiments on con-

ductivity, we might represent this increase of tem-

^
perature by a curve. Now, as we know how much

* " Getting Warm : " Science for All," Vol. III., p. 2G8.

heat it takes to caise iron to a red heat, and also

liow much heat will flow through iron from the

inside to the outside, and be radiated into space in

a given time, we are in a position to calculate at

any given time how long it is since the whole ball

was at a red heat. The condition of this expeii-

ment ajiproaches more nearly that of the earth as a

cooling body, but it is still vastly simpler, as the

material is all of one kind, and its capacity for heat

and conductivity can be readily studied and

measured, while the earth is such a complex body,

its different parts having different capacities for

heat, etc., and moreover, we cannot get at its

interior parts at all, so as to know their composition,

temperatui-e, etc. The difficulty of the problem is

thus very apparent, and every allowance must

therefore be made for possible errors in these

matters. It is probable, however, that at a tem-

perature of about 7,000', the whole earth would be

in a molten state. Now, as it continued cooling, a

crust would be rapidly formed all round it, just as

we see at the present time when molten lava pours

out of a volc:ino it quickly hardens and cools, S5

that it may be walked upon, although a few inches

down it may be glowing with heat. It is like a

bad conducting "cosy" suddenly put over the whole

globe, separating the intensely heated inteiior mass

from the cold exterior regions of space. The

regular cooling process would now be set up ; heat

slowly pouring, if the expression may be used, from

the hot centre outwaixls thi-ough the crust, and thence

radiated into space. In the lapse of time the whole

globe woiild be in a condition similar to the iron

ball we formerly referred to, extremely hot at the

centre, and getting gradually cooler and cooler as

we approach the surface. Now we have evidence

that this is really the case, for we find the tem-

perature of the earth gradually increases as we
descend into its interior.f The question is, then,

can we tell from these considerations, and from the

rate of increase of the earth's underground tem-

perature, how many years must have elapsed since

the first hard crust of the earth was formed 1 To

be able to do this we must know how much heat

it would require to raise the whole earth to a tem-

perature of 7,000°, or in other words, how much
ice-cold water that amount of heat woidd raise

1". It is very evident that we can at hent only

make an approximate guess at this, as we can-

not get at the greater part of the material whose

capacity for heat we are thus to measure. Fuither,

we must know how much heat will pass through

t ".Scienc3 for All,'' Vol. II., p. 111.
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the earth's crust by conduction in a given time.

This problem is more within our reach, as we can

measure the conductivities of different rocks by

methods analogous to those already described.

There is also, however, an eleniient of xincertainty

here, as we cannot measure these conductivities

under the same conditions as the temperature,

pressure, &c., which obtain in the crust and deeper

psivts of the earth.

Notwithstanding these difficulties, however. Sir

William Thomson, making every allowance for errors

in his interesting speculations on this subject, con-

cludes that the time that has elapsed since the main
part of the earth's crust was first formed cannot

exceed four hundred millions of years, and proljably

is as short as twenty millions.

Thus we see that, by the application of principles

which are daily exhibited around us, we may arrive

at i-esults of the highest practical and scientific

importance, and, although we may not at first

have reached absolutely correct conclusions, still

the way is pointed out by which interesting

problems may be solved, and the range of science

vastly enlarged.

A MT

By Dr. Andrew

THE mussel, like the oyster, is a " bivalve "

—

that is to say, its shell consists of two halves,

each of which, in zoological language, is a " valve."

This preliminary observation is not without its

value as leading to an appreciation of some cha-

racters of the oyster and mussel class. A " bivalve
"

shell is well-nigh the exclusive possession of the

mussel and its kin. There happens, however, to

exist another group of shell-fish, known as BracJiio-

poda, and this class is found to possess a shell con-

sisting of two " valves " or pieces likewise. Hence

one of the fii'st items in molluscan information is

that which seeks to draw rational distinctions

between the shells of mussels, oysters, and the like,

and the Brachiopods. Nothing can "well be easier

than to draw such distinctions. A fair starting-

point may be found in the mussel itself. Take a

mussel—-either the fi'esh-water or salt-water species

will do—place it in its native element, and study

first of all the ordinary features of uninterrupted

and placid molluscan existence. The shell is seen,

first of all, to consist of two valves, which are equal

in size and similar in form. It is, therefore, per-

fectly justifiable to call the mussel's shell eqidvalve.

The same remark applies to the shell of a cockle or

of a clam.

The oyster's shell is certainly inequivalve, on the

other hand, for we find one of its halves much better

developed than the other. That, however, is an

exceptional case, and arises from the oyster's habit of

fixing itself in the mud of its native waters, to form,

in comjDany with thousands of its fellows, an oyster

"bank." Fixation of the oyster's body leads

tluis to the over-growth of one valve of its shell as

\Yii.soN, RE.S.E.

compared with the other. Each half, or valve, of

our mussel's shell (Fig. 1) may be compared roughly

to a cone. It is hollow within, and has, moreover, a

narrow or pointed end and a broad extremity. The
more pointed end is the hinder extremity of the

shell, and the broad end is its front, or anterior

border. We may note at present that in speaking of
the ends of the mussel-shell as "front" and "hinder"

extremities, we do so in relatiou to the living-

structures that shell contains. The mouth exists

towards the broader part of the shell, hence, by

right and courtesy that portion may be named the-

front of the structure.

When a living mussel is observed in its native

habitat it may be seen to protrude from between the

valves of its shell a soft fleshy organ we term the

"foot." This "foot" (f, Figs. l,4)isshapednotun]ikea

ploughshare, and by its help the fresh-water mussels

burrow in the mud of their rivers
;

whilst, as we
shall hereafter see, the marine mussels spin, by its.

aid, a bunch of strong threads, serving to tie them

to fixed objects. But our notice of a living nuissel

has taught xxs something more about the shell of"

the animal. We may now observe that the valves

of the shell can be separated along one edge : that by

which the foot protrudes. The opposite edge is

tliat by which the valves ai"e connected together.

The former or lower edge we shall name the ventral

border (ve) of the shell; whilst the latter, or upper-

border, we may term its dorsal surface. The

"back" of the shell is therefore the part where

the hinge is placed ; and we can discover from

an examination of the living animal that its heart

being situated in this region, and the foot being
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rig. 1. -Anatomy of Mussel aud laiterual
Markiusjs of Shell.

developed below, the true upper surface of the shell

is really its hinge-line. We have thus mapped
out fairly enough the regions of the shell : tliat

is tlie broad front where the mouth is found

;

the hinder bordei' of the shell is its opposite ex-

tremity; its upper

surface, or "back,"

is where the hinge

is placed ; and the

lower or ventral

edge is that by

which the shell

opens. The mussel

has thus a right

and a left side,

and we speak of its

valves as riglit and

left " valves." Na-

turally, and having

regard to the living

animal's structure

within, the shells lie right and left, and are lateral or

" side " organs. It is easy enough in most shells of

the mussel class to tell which is the right and which

the left A'alve. Taking such a shell as a Cytherea,

we look for the umbo, or "beak" (Fig. 2, w), the

prominent projection on the back of the shell.

Keeping the beak and hinge above, we turn the

shell so that the beak points forwards. In this

position that will be the light, and that the left

valve which corresponds with oui- right hand and
Avitli our left hand respectively. The valve chosen

for illustration (Fig. 2) is the right valve of the

shell in question.

Such is the disjiosition of the unissel-shell in

reference to the animal it contains. Let us next

inquire into the mechanism by means of which the

shell opens and shuts. The requirements of mussel

life necessitate the opening and closure of the shell,

because the animal demands, like every other

member of its kingdom, food and oxygen. The
normal condition of a mussel is to lie with the

valves of its shell slightly apart. If we strew indigo

or carmine in the water around, we shall find this

material swept in at the front extremity and swept

out at the hinder extremity of the shell. This

action shows the presence of constant water- currents

floM-ing in the direction just indicated. How these

currents are produced and maintained we shall dis-

cover hereafter. The open condition of the shell,

however, it may be remarked, favours thus the

inhaling and exhaling of water, whereby the diving-

animal is su}>plied with food and with air. Now

the shell of the mussel is opened and kept open by
a different mechanism from that which shuts it.

When we touch a mussel or oyster-shell, the valves,

close at once with a power that bespeaks very

Fig. 2.—Shell of Cj-therea (right valve) showing Internal Marks.

plainly muscular force of no mean order. The shell,,

then, is closed by muscles. There is no difference-

in respect of the action in question between the-

mechanism which m6ves my pen ovei' the paper-

and that which closes the mussel's shell. In both

cases a peculiar tissue, called initscular tissue,

exists, and is disposed in bands or fibres. When
stimulated, either through nerves, or it may be

directly, these fibres contract, and in so doing-

bring together those parts between which they

are attached—bones in the case of my fingers,

valves in the case of the shell. An inspection of

the mollusc's shell shows us the site of the muscles

in question. At either end of the shell we see on

each valve a shallow rounded impression. If we
dissect a mussel we shall find a large mass of fibres

sti-etching in these situations from one shell to the

other. These are the adductor muscles of the animals,

so named because they draw the valves together—

•

that is, they close the shell. One we name the

anterior adductor (Fig. l,aa.), because it lies close to-

the front edge of the shell ; the other is named the-

jMsterior adductor (pa), for the opposite reasoii.

Some shell-fish, and notably the oj'sters, have but a.

single muscle. The impression of the single

muscle niay be readily seen by looking at the

interior of an oyster's shell. From what has just

been said, it will be plain that it is the efforts of

this great band of fibres to kee[) the shell closed

against the impression of the oyster-knife, which

causes all the trouble in opening an oyster. Once

sever this adductor muscle, and the bivalve lies at

our mercy for the performance of the other j)ro-

cesses incidental to the toothsonre repast. The art
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of opening the mollusc is x'eally that of hitting the

•seat of the adductor muscle ; and there is thus

fiomething to be gained by a knowledge of natural

liistory even in the mundane sphere of the oyster-

opener.

If the valves of the mussel's shell are kept ap-

proximated by the action of its adductors, how, it

may be asked, is the shell opened 1 Let vis bear in

mind that the open condition of the shell is, for

nutritive reasons, the natural state of the mollusc.

Does Nature, then, give the animal the trouble of

0})ening the shell by other mviscular bands? If

closing the shell is, as we have noted, an act of

exertion, and, like all muscular acts, one involving-

considerable tissue-waste, is the mussel's life spent

in one round of continuous exertion between the

acts of shutting the shell when danger threatens

and of opening it for the reception of food 1 The

replies to these queries are readily found in an

inspection of the shell itself. Outside the valves, at

tlie hinge of the shell, we find a strong horny

structure, called the external ligament ; inside the

.shell, at the hinge likewise, we find another (or

internal) ligament. The use of these bodies will

be readily understood ; for if we press together

the still connected valves of a dried mussel-shell,

and thus imitate the muscular movements of the

animal, we shall find these ligaments, dried aiid

horny as they are, to resist our pressure, and to

force the valves open as by a spring when our

pressure is released. Clearly, then, the action of

these ligaments is simply a mechanical one. Like

pieces of india-rubber which are compressed when

tlie valves are closed, they open the valves when

the pressure is removed by their elastic recoil.

Thus, if the normal state of the mussel's shell

is an open one, we see how that condition is

maintained mechanically, and without any exer-

tion on the part of the animal. As by a self-

acting spring, the shell is kept open permanently,

so to speak. It is only when the sharp and sudden

closure of the shell is necessary, that muscular

action, involving wear and tear, is permissible.

Thus Nature husbands the powers of the animal,

and exhibits a wise economy in the distribution

and display of her forces.

Tlie history of the mussel's sliell includes a know-

ledge of its formation. When we open a mussel we

observe a soft brown membrane lining the interior

of each valve, but free and disconnected at the lower

margin of the shell. This soft membrane is the

mantle (Figs. 1, 4, m, m), or j)allium of naturalists,

and on this structure, wherever found, devolves

the formation, growth, and repair of the shell.

When the shell itself is examined, we can perceive

that it exhibits a layered appearance. The suc-

cessive ridges of the shell indicate the lines of its

growth. It increases in breadth by new layers

being added to the mai'gin of each valve, and it

likewise grows in thickness as well. That edge of

the mantle which is attached round the lower or

o])en edge of each valve, is found to possess glands

which secrete lime and add this limy mateiial to

the shell. The thickness of the shell, on the other

hand, depends on the general or outer surface of

the mantle lining the inside of each valve. Tliis

surface forms the well-known nacre, or raother-of-

pearl layer which we see in most shells, and which

in the pearl oysters and pearl mussels forms

" pearls " when the nacre coats some foreign body,

such as a particle of sand. The structure of the

" mother-of-pearl " layer shows it to consist of

layers which refract the light, and give to this sub-

stance the iridescent play of hues and colours it is

seen to possess. The outside of the fresh-water

mussel's shell is covered by a horny layer, called

the periostracum. This layer protects fresh-water

shells especially against the dissolving action of

the cai-bonic ycid gas existing in the Avater, and

which otherwise would attack the lime. Thus we

discover that the nuissel, like a large number of

other animals, builds up a limy skeleton—the shell

—outside its body. In respect of its manufacture

of lime, the mussel is, however, by no means sin-

gular. Some of the lowest animalcules (Foramini-

J'era) inhabiting the sea-depths make shells of

carbonate of lime, others using flinty material.

Corals illustrate lime secretion on a large scale
;

sea-urchins utilise this material in the formation of

their shells ; and the back-boned animals, from

fishes to man, similarly elaborate lime to form the

bony framework we name the "skeleton."

The remaining details concerning the "shell " of

the mussel may be summed up by saying that

whilst it is "equivalve," as we have seen, it is

also "inequilateral." It is not equal-sided, as a

glance at the shell will show. Now, the shell-fish

already mentioned under the name of Brachiopoda

possess shells which are " equilateral " but " in-

equivalve
;
" so that these bracliiopod shells are

opposed in these respects to the mussels and their

allies. Further, brachiopods open and close their

shells by means of muscles, and the spring ligaments

of the oysters and cockles, &c., are wanting in

these forms. In a word, the only likeness between

the one group of shell-fish and the other consists in.
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the possession of a "bivalve" shell. When it is

added, further, that brachiopods are not at all plen-

tiful shell-fish, but are a race slowly dying out of

existence and repi'esented chiefly in warm seas, it

can be understood that any " bivalve shell " picked

up on our coasts must belong to the oyster and

mussel class. That class, we may jn-ofitably re-

membei', receives the name of LameUibrancJiiata,

or "plate-gilled" molluscs—a name ajjplied to them

from the structure of their gills.

The internal economy of the mussel is in itself

an interesting study. We may discover that in

the way of nerves, digestive apparatus, heart, and

breathing organs it is well supplied. Beginning

with the digestive system, as a convenient portion

of mussel anatomy, we discover the mouth (Fig. 1,

mo) at the fi'ont border of the shell. The mussel

has no head. In this resjiect it is a decidedly lower

animal than the whelk (Fig. 3) or snail—its near

neighbours of the class Gasteropoda. The posses-

sion of a head, let us note in jiassmg, is invari-

ably the sign of a high organisation ; for head

development means and implies the jjossession of

si^ecial sense-organs, eyes, &c., and of a nervous

system modified and developed over that of the

headless organism. A snail or whelk is unques-

tionably a livelier animal tlian a mussel or oyster.

It moves about within its world with tolerable, if

with slow and stately activity ; and it has eyes,

tentacles or feelers (tt), and other possessions belong-

ing to the senses adapted to bring it in more or less

intelligent contact with the outer world. But the

mussel and its relatives are, as a rule, vegetative in

their life and character. They do not possess even

the humble appre-

ciations of snail ex-

istence, and their

sense - organs are

neither so conspicu-

ous nor so well-de-

veloped as are those

of the Gasteropod

race. The idea has

been ventilated by

some authorities

that the mussels

and their kin

are examples of

" degeneration " in animals : that is, they have

gone back in the world, whilst the snails have pro-

gressed and advanced. This view is supported by
the fact that the two groups develop at first much
in the same way; retrogression and backsliding

Whelk.

being regarded as tlie lot of the mussel tribe, and
advance as that of the higher Grasteropods.

This digression, interesting as it is, has led uji

away from the digestive system of the mussel. I'he

mouth—returnmg to our original topic—is bounded

by fovir feelers, or tentacles, which probably serve

to guide the food-particles into the mouth-opening,

and may likewise subserve the sense of taste. No
hard parts of the nature of "teeth" or "jaws"
exist in the mussel or its kind ; and in this respect

these molluscs exhibit a diflerence from the snails

and whelks, which have a curious tongue, and a

rasping apparatus as well. To the mussel's mouth
succeed throat, stomach, and intestine respecti\-ely.

The digestive system, as in every other aniaial

above the rank of the sea-anemone, is tlnis a tube

shut off from the body cavity
;
but, as in higher

animals, the mussel possesses, as addenda of its

digestive sy.stem, certain " glands," of which the

liver is the chief The glands secrete or manufacture,

from the blood, matters of use in the digestion of

the food. Thus a very large liver in the mussel

secretes bile, as does man's liver, and contributes

a fluid of great im^jortance in the universal diges-

tion of nutriment. The mussel has no salivary

glands, such as many other molluscs possess ; nor

does it number a sweetbread or pancreas amongst
its digestive belongings. But close by the stomach

a curious rod-like body, the crystalline style, is

found, lying in a little pouch-like fold. The use

of this body is quite unknown (Fig. 4).

The animal commissariat, represented by the

digestive system, is devoted to the production of a
fluid, namely, blood, which, in its turn, nourishes the

body—that is, affords

material for growth, and

supplies the needful mat-

ter for the repair of the

body's wear and tear.

The mussel's blood is

colourless, but when
placed under the micro-

scope it is seen to con-

tain small masses of

protoplasm, or corpus-

cles, which exhibit these

curious movements Fig. 4.—Diagrammatic Transverse
. . .Section o£ Mussel.
(seen in the white

corpuscles of our own blood), and named amoeboid

movements. The due circulation of the blood

thi-ough the body is as much a necessity for the

nourishment of an animal's frame as the circulation

of money is a vital condition of commercial activity.
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Nature therefore provides the means for circuhition

in the form of a pumping-engine, called the heart,

and of a set of tubes named blood-vessels. The

mussel's heart lies in its back, just beneath the line

corresponding to the hinge-line of the shell, and

along which the mantle-lobes are united.

[A Enclosed, like our own heart, in a sac,

-^Ss" ^^o' called the ije/'icarc^Mtni, the

mussel's heart may be said to perform
'

' half the duty and function of the heart

'^^fraraTf^he
loan. The latter organ sends impure

Mussel's Uood to the lungs to be purified, and

-0, a. Auricles it also propels pure blood throughout
oiwning into d i -

Jfentncie, .

K
; the System ; but the mussel s heart is

^oi ta?^""'""^' adapted only to send pure blood through

the body. It corresponds in function,

therefoi'e, with that side of man's heart we

name the left side, and is hence named a systemic

heart. Any heart is simply a hollow muscle. It is

hollow to allow blood to pass through it, and

it is muscular that it may contract to propel

the blood through the vessels. The mussel's heart

is three-chambered (Fig. 5) ; it consists of a larger

.chamber—the ventricle (y)—and two smaller cham-

bers—the right and left auricles (aa). The auricles

receive the purified blood from the gills (Fig. 4, g, g)

and propel this blood into the ventricle. When the

latter chamber contracts, the blood is forced out into

the vessels. These latter consist of main tubes or

pipes leaving the ventricle, and which, gi'owing

.smaller and smaller as they branch out into the

body, ultimately appear to lose themselves in the

ill-defined spaces existing between the various

organs of the bodj^.

Thus all the organs and tissues receive their supply

of blood nourishment. But this is not the Avhole work
of the blood-circulation, either in the mussel or in

any other animal. When the blood has performed

its nourishing duties the aspect of its stream alters.

It no longer is to be regarded as a pure nutrient

•current ; on the contrary, in the course of its

travels it has absorbed from the tissues it nourished

waste materials. These it carries with it on its

Teturn journey, to convey them to certain organs,

named organs of excretion, and of which the ski^i,

lungs, and kidneys of higher animals are the best

examples. Thus the work of these three organs is,

in reality, that of getting rid of waste matters. In

the mussel there is waste and repair, as in ourselves

;

and the waste products of the mollusc are practi-

cally identical in kind with the efiete matters of

the human frame. Thus the mussel will excrete

carbonic acid gas, organic matters, and nitrogenous

waste matters, such as the kidneys of higher forms

separate from the blood. For this reason, then,

—that waste matters may be excreted and given

forth to the outer world—the blood of the mussel

makes a return journey to the gills, and to a

certain body which receives the name of the organ

of Bojanus.

The mussel's gills, as we have already noted, are

highly characteristic organs of the animal's body.

The gills, or branchice, number foui'. They are

situated two on each side of the mussel's body, and

as they present the appearance and structure of

thin plates in all the mussel class, we find that

group to receive the name of Lccmellibranchiuta, or

" plate-gilled" Mollusca. When we open the miissel

or oyster we can detect the gills as two delicate

layers (Fig. 4, g,g) on each side of the body, lying just

within the mantle, and looking like fi'inges of the

latter structure. Each gill consists of two delicate

lamellce, or plates, which, when magnified, exhibit a

barred ai'rangement bearing a dense network of

blood-vessels. A fragment of living gill placed

under the microscope shows a surface richly

covered with the minute vibratile hairs called cilia.

These, by their constant motion, create cm'rents in

the water admitted to the body-cavity, and thus

l^rovide for the constant renewal of the medium
which contains the desired oxygen for the work of

blood-purification. Th\is we can perfectly under-

stand why in a living mussel incessant water-

currents enter and leave the shell by its front and

posterior extremity respectively. These currents are

excited by the cilia of the gills, which thus func-

tionally represent the breathing movements of

higher animals, whereby the air is renewed con-

tinually within the lungs. Thus, as impure blood

flows from the body into the gills it gives off its

waste matters to the inhaled water, and it absorbs

the oxygen which that Avater bears. The effete

water is wafted out of the mussel's shell by ciliary

action, and the pure blood streams from the gills

into the heart's auricles. Thence it is sent to the

ventricle, and last of all passes to the body, where

it will again perform the same round of duties, and

be now and then recruited by fresh supplies of

matter derived from the food.

The organ of Bojanus (Fig. 6) has been mentioned

as a structure Avhich, like the gills of the mussel,

assists in getting rid of the waste matters of the

mollusc's frame. This body is a kind of sac, lying

iinder the pericardium, or heart-covering, and open-

ing into the latter cavity. One part of this organ

exhibits what is termed a glandular structure, that
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Fiff. 6.—Organ of Bojanus : A,
Diagrammatic Plan

;
B, same

in Ciagrammatic Section.

h, Heart, with which the nrgnn of
Boj.iiiu8 lies in close relatinuHhip

;

V, great vein: pa, I'osterior ad-
ductor muscle.

I

is, it is adapted to separate from the blood matters

of waste nature. It is believed that the organ of

Bojanus coiTesponds in function to the kidneys of

higher forms. Concretions of uric acid, a substance

associated with the kid-

neys in higher life, are

found within the organ of

Bojanus, which thus is

adapted to remove from

the mussel's circulation

the special waste products

which arise from the de-

composition of nitrogenous

matter.

The " foot " of the mus-

sel, already alluded to,

demands a brief notice as

an organ of great im-

portance in the bivalve

.class. The snail and whelk

are seen to crawl upon a broad foot surface, repre-

senting the high development of the lower integu-

ment of the body (Fig. 3,/). So, also, in the mussel

and its kin, the "foot" is a development of the

lower surface of the body in the middle line. As the

" gills " are really processes of the mantle in their

natui'e, so the foot itself may be viewed as a special

development of the latter membrane likewise. In

the oyster, the foot is but sparingly developed ; in

the fresh-water mussel it is an organ of motion ; in

the marine mussels it secretes the bt/ssus, or beard

;

in the cockle it is used like a gymnastic pole for

leaping ; and in the razor-shells (Solen), it forms a

most efficient burrowing tool. In ihe fresh-water

mussel the foot (Fig. l,f,) appears before us as a

highly muscular organ, the arrangement of whose

fibres reminds one of the similar structure seen in

the human tongue. In the salt-water mussels a

deep groove exists in the foot, and into this groove

a fluid matter, secreted by special glands, is poured.

This matter sets firmly in the groove, as molten

wax sets in a mould, and when the foot is retracted,

a thread formed of the now solid matter can be

drawn out, and added to the bundle of threads

already formed. By means of these threads the

mussels attach themselves firmly to fixed objects.

Any one who has picked up a mussel on the sea-

beach, fastened to objects often exceeding itself many
times in weight, will have been enabled to form some
idea of the stoutness of the mussel's " beard."

The current of mussel-life may in all respects be

said to flow \ineventfully and placidly along. Few
elements enter into that existence to disturb its

177

patent harmony, and the need for nerves and

sensory belongings might be regarded as being

well-nigh extinguished. Still, no living being exists

withoiit, in one fashion or another, influencing the

universe in which it lives, or without, in turn, being

acted upon by the external world. Even uiussel-

life has its relations to the outer

universe in the shape of a con-

stant inflow of water and food

particles ; and it likewise pos-

sesses its more evident acts of

" sense " in the sharp closure of

the shell already noted. The

symptoms of mussel-existence

would, therefore, of themselves

make certain the truth of the

inference that the animal pos-

sesses a nervous sijstem, forming

a link between the animal itself

and the world in which it lives.

Careful dissection shows that, like

every other nervous system oi

any importance, that of the mus-

sel consists of certain ruling and

controlling parts, called nerve-

centres, or ganglia (Fig. 7, A, c, j), b),

and of conducting and trans-

mitting parts, called nerves, or

nerve fibres (Fig. 7, b). Of the former, the mussel

possesses three. There is one ganglion, or nerve-mass

—really consisting, like the others, of a concentrated

pair—situated close by the mouth. This we name
the cerebral, or cephalic ganglion (c), from its

analogies with brain in ourselves. Another nerve-

mass exists in the foot, and is named the pedal gan-

glion (p) ; whilst a third (b, the branchial ganglion) is

placed close by the posterior adductor muscle, and

not far from the heart. These three nerve-masses

are connected by nerves, which, like telegraph-

wires, serve to convey from centre to centre the

impulses and impressions that make up the sum
total of mussel-life. The action of nerves in the

mollusc is like that of the nerves in higher

existence. Impressions received by the nerves are

transmitted to some nerve-centre, and are thence

"reflected" to some other part of the body, pro-

ducing movement, or otherwise aftecting the life

of the organism. This theory of nervous function

we name "reflex action," a topic which lias been

already discussed and ventilated in these pages.

Sense-organs, forming the "gateways" of the

nervous system, are represented in our mussel chiefly

by rudimentary " ears." Close by the nerve-mass

tern of Mussel

:

Distribution of
Nerves ; B, Nerve
Pibre, showing con-
tained Granules

; c,

Ganglionic or Nerve
Cori>uscle with Nu-
cleus, and giving off

branches.
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of the " foot " are two small " sacs," each con-

taining a living particle, called an otolith, suspended

in a clear fluid. This particle exists in a state of

constant vibration ; and there can be little doubt

' that its function is that of intensifying the

vibrations of sound-waves, and of transmitting

,
these to the neighbouring nerve-mass. There, we
may believe, they become converted into a " sen-

sation " of sound, upon which, if necessary, as upon
" information received," the mussel may in due

course, act. The sense of touch is probably repre-

sented by the tentacles placed around the mouth,

and, perchance, taste may be subserved by these

organs as well, seeing that taste and touch in higher

animals are nearly allied senses. Eyes do not exist

in the mussel, but they are not always wanting in

the mussel's relations. If a scallop-shell [Pecten)

bs dredged from its native waters, and be closely

watched, a row of sparkling, bead-like structures

will be seen to fringe the edge of the mantle every

time the mollusc opens its shell. Tliese animal

gems are the scallop's " eyes," whereby light-rays

are appreciated and acted upon, not, certainly, with

the range of higher vision, but still conformably to

the wants and requirements of lower existence.

Mussel-life begins, as all other animal existences

practically commence, in an egg. Immense

numbers of eggs—as many as 3,000,000, or even

more—may be produced by a single mussel, and

the eggs are retained within the gill-chamber of the

female mussels until the earlier stages of develop-

ment have been exhibited. As it escapes from the

egg, the young miissel is so unlike its parent that it

was first named Glochidium (Fig. 8, a), and was

esteemed a parasite, because it is frequently found

attached to the tails of fishes. This larva possesses

a bivalve shell (b, c), and an adductor muscle for the

shell's closure. The lower edges of the valves ai-e

provided with hooks for attachment, and the mantle

can also be discerned. When the larvse are swept

outwards from the body of the parent, and attach

themselves to fishes (d), they grow rapidly; the

shell assumes the likeness of that of the adult ; the

foot increases in size, and the gills undergo fuller

development. At last the " Glochidium " drops from

its hold, and appears in all respects, save in size,

the perfect representative of the adult mussel (Fig. 8).

An examination of this very familiar mollusc

Pig. 8.—Development of Mussel.

A, Glodiidium Larvastill ivitliin the Fgg : a.Byssus ; B. fibellof Glocbidlum
widely opened, eliowiag Addurtor Muscle, a ; c, Glochidium viewed from
the side, phowmg Hooks of Valves, b b ; Muscular Folds, c c, and the three
pan-s of Filamentous Organs, a, springing from the Mantle-lobes along
the Extended Byssus ; d (4/tcr Carpenter), Young Mussels on Tail of Pish.

may teach us certain facts relating to natural history

stiidy at large. We learn from this brief recital of

its history that the mussel is a Mollusc, in virtue of

its possessing a true " shell," and also in that it

exhibits the characteristic features of molluscan

structure in the shape of its mantle, gills, foot,

digestive system, and other points. And we also

discover its relations to the whelks and theii* allies

in those modifications of its organs which have

led us to designate the mussel tribe as of lower

rank than the whelk, periwinkle, and snail order.

Thus, not merely a generalised view of a great sub-

kingdom of animals, but a more special knowledge

of the varied types that sub-kingdom includes

within its limits, may be gained by a study of the

mussels, than which no more familiar denizens of

our sea shores, ponds, and rivers can be said to exist.

SOME OF THE WONDEES <

By William Acickoyd, M

ONE may occasionally hear a rapid " tick-a-tick,

tick-a-tick, tick, tick," when listening at the

mouth of a telephone whose wire happens to run

parallel, as they usually do, to the telegraph wires.*

* This is not to be confounded with the peculiar noise, like

the pelting of saiid against the telephone plate,' which may be

Jieard under certain artmaspheric conditions.

lE ELECTRICAL INDUCTION.
M. Phys. Soc. Lond., etc.

It is the sound of telegraph instruments far away

;

and a person experienced in the peculiar code

employed in telegraphy, and with a fine ear, more-

over, which can single out one instrument from

many, will sometimes be able to read a portion of

a message which is being desjiatched a long way

off, although his telephone wire is in no way
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connected with that along which the news is being

sent.

At other times, when telegraph business is brisk,

the peculiar " tick " becomes a distinct hum. It

was notably so at the conclusion of several of the

Parliamentary elections in the spring of 1880. At
such times, when party strife is at its highest, you

may hear this hum, which is really a chorus of

telegraph instruments singing their political song,

and in no way connected with your telephone line.

The monotonous tune is due to " Induction."

What is induction of any sort ] Perchance

when out for a ride you liave at some time or other

skii'ted the edge of a field where horses have been

grazing. As you have trotted along, some two or

three of them, perhaps half-wild for want of work,

have commenced running at a break-neck pace as

if to keep you company. A sudden impulse seems

to have seized them, and they tear away, only

separated from you by a low stone wall or thick-

set row of hawthorns. From an abstract point of

view this is a strange phenomenon, because here

your horse, although in no material way connected

with the gr-azers, sets them rumiing ; as soon as

ever they see your horse on the trot, they also are

induced to run, and we have a sort of equinal

induction. It appears in a somewhat like manner
that when a current of electricity runs along a

wire, another current quite independent of it is

induced to run along a second wire which is

parallel to the first, and has its ends joined

together; this is called electrical induction. For

practical proof of the fact, one may readily try the

followiiag experiment.

Fix a couple of nails, n n, as in Fig. 1, about

five yards apart, and another couple of nails, n n,

ail inch or two below these. Stretch a covered

wire, c, from one naU to the other, n to n, and,

having wound it sufficiently round each to keep it

straight, join one end to the Daniell cell, h, and
bring the other round to a, so that it may be

brought in contact with a small piece of wire leading

from the other terminal of the cell. Whenever you
join the two ends of the wire at a, a current of

electricity nms along the wire c* Now, suppose

you take another covered wii-e, and similarly fix it

to the remaining couple of nails, n n', and then
bring the ends round and join them to the tele-

phone t
; you will find that every time a current

of electricity is made to run along c, a current is

induced also to run along c ; and moreover, we
:shall see presently that when a current is running

* "Science for All," Vol. III., p. 56.

along c, and we suddenly stop it, a current is

induced again to run along .c'. When you scrape

together the ends of the wires at a, it is like

rapidly joining and disjoining them, or sending

Fig. 1.—Experiment in Electrical Induction.

currents and stopping them ; induced currents are

therefore sent along c, and around the coil in the

telephone t,\ and the evidence of tlie fact is the

scraping sound you may hear in the telephone.

The telephone is a very handy and delicate detector

of induced currents of electricity when employed in

this way, and it is by means of it that we have

been able to study some of the most remarkable

facts of electrical induction ; we may therefore well

say of the telephone that, even if it had been of no

commercial value, such is the world of wonders it

has opened out to us that, on this account alone,

we may regard it as one of the most important

scientific accessions of the present century. In

repeating the experiment we have just described

we have to use a good telephone, or else, if the

telephone be only an indifierent instrument, one

has to have a greater lengtli of parallel wires. It

will clearly be seen that the insulated wii-es, c and c',

are in no way in communication with one another,

so that the original current flowing through c is

not a part of the current flowing through c,

although the former gives rise to the latter by this

wonderful operation of induction. The current

flowing along c from the cell h is called the primary

current ; and the current flowing intermittently

along c is the induced, or secondary, current. In

this and th« following diagrams i. and ii. represent

primary and secondary wires respectively.

We shall have no difficulty now in seeing what

the " tick " and song of the telephone was due to,

for we shall find that the conditions of the

" commercial " experiment were precisely the same

as those of the experiment we have just tried. In

Fig. 2, A and B are two telegraph posts, which may
be miles and miles apart. The wires, 1, 2, 3, and 4,

connect distant stations with each other, so tliat

messages can be sent to and fro between them,

and taking any particular wire, say 4, we may

t "Science for All," Vol. I., p. 184.
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regard it as a portion of one vast electrical ring, or

circuit, as the physicist terms it. In this cii'cuit

there are batteries to generate electricity, and

" transmitting keys " for sending messages, these

as in Fig. 3. Make c' into a coil in the same way.

If we now bring one coil upon the top of the other,

we get the requisite parallelism for induction effects,

and the arrangement does not take up much room.

Upon, therefore, arranging the apparatus as in

Fig. 2.—Induction in TelegraiA Linss.

keys being simple contrivances for breaking and

joining again the continuity of the circuit, that is.

for sending cixrrents along the line and stopping

them. It will be perceived, therefore, that when
the clerk is busy sending off messages, the rapid

"click, click, click" of his instrument, as he deftly

fingers the keys, sends the electric current along the

line 4 in spurts, as it were. Running alongside the

wire 4, we have the line 5, which forms part of

what we may here term the telephone circuit. The

two wires are connected in no way save by their

common supports, the telegraph poles, but the

material on which they rest at their suspended

parts presents an impassable barrier to the flow of

electricity from one to the other, and we may there-

fore regard the wires as totally separate.

It is evident, therefore, that the currents of

electricity in the telephone circuit are induced cur-

rents, and arise from the influence or inducement

of ciu-rents flowing in line 4 ; and it will moreover

be quite plain that when we were listening to the

song of the telephone on the night (April 5, 1880)

of the Midlothian election, which resulted in Mr.

Gladstone's return, we were being treated to an

experiment on a gigantic scale precisely

similar to the one we have tried in a

very small way.

Now in laboratory experiments it is

inconvenient to have a great length of

^'ff ^j.g°'' parallel wii-es arranged as in Fig. 1.

It is customary, therefore, to wind both

primary and secondary wires into separatethe

. 5.—Position of No-In-
duction iu Coils.

coils. Take the wire c, and wind it round a rolling-

pin ; then slide it off and fasten with bits of twine

Pig. 4.—Induction in CoUs.

Fig. 4, a sound is very distinctly heard in the tele-

phone at t when the ends of the wire at a are

gently scraped together.

As we have before observed, parallelism of the

two coils is essential, and a very simple demonstration

of the fact is obtained by slowly raising one of the

coils from its recumbent parallel position until the

plane of it is at right angles to

the plane of the other. If the

scraping at a be continued

while the alteration of position

is being effected, a gradual

diminishing of the sound will

be perceived, until at last it

cannot be heard ; in other words, there is no

longer any induced current passing through the

secondary coil, c, Fig. 5.

With this coil arrangement it is possible for

us to demonstrate also more precisely the nature of

the induced currents. Upon placing a galvano-

meter at t, Fig. 4, instead of the telephone, you will

perceive the needle to swing round upon bringing

the two wires together at a ; but it soon settles

into its first position of rest ; and iipon disconnect-

ing the wires at a once more, the galvanometer

needle will be again seen to swing out of its

position, and then rapidly settle as at first. This

experiment teaches us that the induced cxirrent is

momentary, and is produced both upon making

contact, and breaking it at a in the primary wire.

Another fact we also learn regarding the direction

of these induced currents, for upon watching the

direction the galvanometer needle swings in, it

appears that upon making contact at a the induced

current flows in a direction contrary to that of the

primary current ; while upon breaking the contact

at a the induced current flows in the same direc-

tion as the primary.

At this stage of our study, the reader will be

able to understand the working of the audiometer,

or electric sonometer, an instrument with which
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the physicist can do many wonderful things, and,

among the rest, tell how acute our hearing is. We

rig. 6.—Principle of the Audiometer.

shall describe one of the simplest forms of the in-

strument. Two coils of wire are fixed at the end

Fig. 7.— The Audiometer, or Electric Sonometer.

of a graduated bar, as will be understood from
Fig. 6 ; these coils, c c\ are connected to each other

and a cell, b, making a complete circuit when the

two wires at a are placed in contact. When a

current is flowing from the cell h, either of the

coils c or will induce a series of currents in a

third coil, c', while the wires at a are being scraped

together, and the two coils c and are so arranged
tliat their action is antagonistic ; that is, while c

induces in c- a current flowing in a particular direc-

tion, c' induces a current in c- flowing in quite the
contrary way. It is plain, therefore, that there
must be a position on the graduated bar in wliich

no current at all is induced in c", and, conse-

quently, no scraping sound will be heard in the

telephone t when the wires are rubbed together

at a. This point is marked as zero on the

scale. Suppose, now, the coil of wire is

placed near to c, the noise heard in the tele-

phone while the wires at a are being gently

rubbed together is not unlike the rasji of a saw.

As the coil is moved towards the other end,

the noise becomes fainter and fainter, a sort

of echo of its former self, and soon it ceases

altogether. The observer with acute hearing

may reach the zero on the instrument ; others with

hearing less acute may be a good number of divi-

sions off" this zero. It is customary to

have one of the primary coils less than

the other, so that the zero of the scale,

or place where no sound is heard,

is near one end of the graduated bar.

In Fig. 7 we have a view of the

finished instrument, its parts being

lettered homologously with those of

the diagrams which we have just

explained. The device adopted for

scraping two parts of the primary

circuit together is exceedingly simple.

A brass key, a b, Fig. 8, has a

metallic spring under it, pressing it

upwards, so that, with the pressure

of one's finger on the knob, a, it can

be worked up and down. Resting

against the side of the key there is a

style of iron, c, which foi'ms part of a

bent lever, c d e, so that the weight

of an adjustable screw at e keeps the

style gently pressing against the side

of the key. The key is in com-

munication with one end of the pri-

mary wire at b, and the lever, c d e,

is in communication with tlie other

end by means of the

metal frame on which

it rests, so that when the

key is worked iipwards

and downwards we get

the scraping contact

which we have so far

spoken about. It is only

necessary to say, in

further explanation of

Fig. 7, that t represents
Scrapinor Device.

a cup-shaped telephone, differing from the other

telephones in the diagrams only in form.
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An amusing and instructive Lulf-hour may be

spent with tlie electric sonometer iii trying the

hearing of your friends. You will find them to

differ widely in sensitiveness, and even in a single

individual one ear will be found, as a rule, to be

more sensitive than the other. It is outside our

present subject to inquire into the reason of

this, and we can only remark that it is a

fact made known to us by this disposition of

coils, which it is probable could have been

ascertained in no other way for normal ears. Vrz

It is hardly yet apparent that any peculiarity *

of the primary cuiTent is faithfully reproduced

in the secondary, but this is, perhaps, most

strikingly shown when, instead of having a

scraping contact at a, we have in its place a

microi)]ione. We shall, tlierefoi"e, have to

bestow a few moments' attention here on the micro-

phone, so that we may learn how it works. It was
invented in 1878, by Professor Hughes, to whom
is also due the honour of having devised the audio-

meter, or electi'ic sonometer.

In its action, the microphone depends upon the

very peculiar power that sound has ofmaking every-

thing in its vicinity vibrate or tremble. You will,

no doubt, have noticed this sometimes, for you have

probably heard the deep-rolling notes of an organ

so taken up by the x-afters that they have fairly

shaken in response.

Now, if cue of these rafters («, Fig. 9) and its

I

Pig. 9.—Vibrating Eafters.

supports had been made of conducting material, it

is probable that upon carrying wii-es from the sup-

ports to a telephone t a long way off, the sound of

the note producing the vibration in a would have

been distinctly heard so long as a current was
flowing through the circuit from the battery ft, and
in such a case a would be a gigantic microphone.

It is thus seen that the microphone is a very simple

instrument indeed. A section of a common form

is shown in Fig. 10. A block of carbon a is

there supported between other two blocks, which

are attached to an upright piece of wood e d;
e d rests on a stand / e, upon which one may have
a clock or other sounding body. Wu-es from the

battery b, lead to the telephone t, and include the

loose block a in the circuit. An ear applied at t

now hears the ticking of the clock, even although

Fig. 10.—Tie Simple MicroiAone.

the telephone be a very long distance away ; antl

sounds of various kinds, if produced near the micro-

phone, are also heard in the distant telephone. If

you were to drop a pellet of cotton-wool on the

stand e /, it would be heard distinctly by the

observer at t, and the stroke of a camel's-hair brush

on the stand e f would a23pear to him not unlike

the sighing of the wind. All these sounds are

faithfully reproduced in a secondary wire, a fact

which is well shown in an instrument known as

Crossley's modification of the Hughes microphone.

This microphone consists of four blocks of carbon,

1, 2, 3, 4, Fig. 11, in which are loosely centred

four pencils of the same mateiial ; wu-es

from blocks 1 and .3 are joined up to the

battery. The telephone t is placed in the

secondary circuit, but any sound uttered in

the neiglibourhood of a, from the shrill

\ notes of a whistle to the deepe.st bass of

"s^N. the human voice, is heard quite plainly in

—™—
' it. Many a time have we heard in this

way the sweet music of an oi'gan a mile

! away, which has sounded like the most

enchanting melodies wafted towards us by a

gentle breeze. It is very manifest here, there-

fore, that anykind of disturbance or alteration of the

primary current is faithfully copied in the secondary,

so that you may drojj your voice into one of these

microphones and far away it is reproduced in the

most marvellous manner. And thus it comes to

pass that the practical magic of the nineteenth

century is far more wonderful than the visionary

magic of ages gone by, when magicians would per-

form some ordinary feat to impose on their be-

nighted fellow-men for their own selfish ends.

Your magician of to-day works his wonders not



SOME OF THE WONDERS OF ELECTRICAL INDUCTION. 2G3

to impose on any one, and for the benefit of the whole

world.

And now let us turn to another marvel of

induction, by means of which one may tell minute

Kg. 11. —The Crossley Transmitter.

differences of weight without a pair of scales, or tell a

spurious from a genuine coin without any chemical

test. This is done by means of an ingenious

arrangement of coils, known as the induction

balance, which promises to become a most important

instrument of research in the near future. Let c c

be two coils of wire of the same gauge and length

connected to the battery b and to the microphone,

a ; moreover, let there be two other coils c d,

rig. 12.—The Induction Balance.

precisely similar and connected together so as to

form a secondary circuit with the telephone t m
it. Now, when a current flows through the pri-

mary wh-e, each coil c induces a current in its

neighbour c', and if there be perfect equality in the

four coils, c and c may be so arranged as to produce

equal and contrary induced currents in c' and c',

so that when a sound is uttered in the neighbour-

hood of the microphone at a, nothing is heard at

the telephone t; in short, the induced currents are

perfectly balanced, and for any sound to be heard

in the telephone this balance will have to be de-

stroyed. The balance is destroyed when one in-

troduces into one of the pairs of coils c c any

conducting body, such as copper or silver. Electric

currents are induced in the conducting metal, which

react both upon the primary c and the secondary c',

and the balance being thus destroyed, a sound is

heard in the telephone at t when a sounding body

is in the neighbourhood of the microphone at a.

With the induction balance Professor Hughes has

quite recently done some wonderful things
;
thus,

two English shilling pieces, fresh from the Mint, of

absolutely the same form, mass, and material, ex-

hibited a difference of mass after one of them had

been rubbed .slightly between the finger and thumb.

Again, a coin being placed in one of the sets of

coils c' c, the balance was destroyed, and sounds

could be heard in the telephone t. Different coins

were now placed in the remaining couple of coils, and

a perfect balance was not obtained ; in other words,

the telephone was not silenced until a pei'fectly

similar coin was placed in the other set. By means

of this electrical counterpoising it becomes easy to

detect counterfeit coins. If you take two gold

coins and place one in each set of coils,

there is only complete silence of the

telephone if they be of the same

weight and value. If one of them

be a false sovereign, the telephone

detects it at once by emitting sound.

The induction balance thus serves the

purpose, among many others, of being

a rapid and perfect coin detector.

We must add, that to get quantitative

results with the induction balance one

has to use the sonometer along with it,

and when this is done, one metal may
be distinguished from another by the

numbers obtained.

Such, in brief, are some of the won-

ders of electrical induction unfolded

by modern research, mainly, indeed,

the work of the last few years ; but the greatest

wonder, if we could know it, would probably be the

manner in which this ijiduction is brought about
;

how a current flowing in one wire begets a

secondary current flowing in a wire at a distance.

The more we study the subject the more my,sterious

it becomes, and we are finally compelled to acknow-

ledge that a secret underlies all our facts which
SI

we may never be able to wring from Nature.
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A SUPPOSED NEW PLANET.
By W. F. Den:

THE late eminent French mathematician, Le

Verrier, wliile conducting an investigation

into the orbit of Mercury, became convinced that

in order to explain trivial discrepancies which his

calculations revealed, it was either necessary to

assume the existence of an undiscovered planet

revolving between Mercury and the sun, or that

the computed mass of Venus as generally adopted

was considerably less than the actual value. He
was inevitably drawn to this opinion by the fact of

certain perturbations becoming apparent in the

movements of Mercury which could not be other-

wise explained. Though he had allowed for such

disturbing agencies as were known to have an

influence upon the orbital motions of the planet,

there yet remained a certain residue which could

only be attributed to other forces. There must be

a disturbing body somewhere, for the influencmg

action of Venus could not be greatly underrated,

and analogy suggested that this body was situated

close to the sun. That it had never been seen

could not be held as strong negative evidence,

because it must invariably be hovering close to the

sun and overpowered in his intense brilliancy.

Mercury himself is only to be perceived on rare

occasions, and it is obvious that a planet even
nearer to the sun than he is, could not, under
ordinary conditions, ever be visible to the human
eye. Such a planet would never depart many
degrees from the sun, and would not be sufficiently

distant, even at the time of his greatest elongations,

to allow his detection possible at sunrise or simset,

when he would be above the horizon for a very
brief space in the absence of the sun.

The publication of Le Verrier's conclusions drew
attention to the subject, and set men thinking as to

how such a body could be discovered. It could
evidently be seen while traversing that part of its

orbit situated exactly between the earth and sun,

for on such an occasion it would present the

appearance of a black circular spot crossing the

solar disc rapidly from his east to his west side,

and observers of the sun would be certain to

distinguish it from the ordinary sun-spots by its

special peculiarities of motion and appearance,

which must immediately prove its planetary nature.

It might also be detected during a total solar

eclipse if the region around the sun were carefully

NING, F.K.A.S.

scrutinised for such a body, but the great rarity of

the phenomenon, and the fact that on such an

occasion observers are already fully occupied with

the wonderful sjjectacle of the eclipse, render the

prospect of a discovery of this nature almost entirely

out of the question. The probabilities inclined

strongly in favour of the idea that it would be

discovered, if at all, while in transit over the sun,

for such transits would not be of unfrequent

occurrence.

A country doctor named Lescai-bault, residing

at Orgeres, in France, heard of Le Veriier's

deductions,* and it recurred to him at once that he
had, while observing the sun on March 26th of

that same year, witnessed the passage of an opaque
planetary object over it, but had delayed the

publication of his notes, hoping to re-observe the

mysterious body, and to complete certain rough

calculations which he had been making to determine

the elements of its orbit. Diffident as to his

powers, he had hitherto feared to lay his approxi-

mate data before the scientific world, but now that its

possible value became impressed upon him, he made
it known. The supjjosed observation was not long

in coming to the ears of Le Verrier, who, however,

treated the tale of the obscure amateur astronomer

with ridicule, until, on making further inquii-ies,

he found there might be some truth in the rumour.

He therefore determined upon personally inter-

rogating the alleged discoverer, and thoroughly

sifting the matter. This was done. Lescarbault

was subjected to a rigorous cross-questioning, his

instruments were examined, hismethods investigated,

and, without citing the details, it will suffice to

say that the eminent mathematician became in the

end fully persuaded of the genuineness of the

discovery. He was satisfied on all points, and,

having obtained from Lescarbault the particulars

of his observation, applied himself to the compu-

tation of the orbital elements of the new planet,

which had occupied some four hours in crossing

the sun's diameter, and the chord it traversed had

been duly noted with such accui'acy as rough

instruments admitted.

Le Verrier foimd that the mean distance of the

planet (now called Vulcan) from the sun (Fig. 1)

* They had been published in the Comptes-Rendus de

I'Acadimie dcs Sciences for 1859.
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was about thirteen millions of miles, that its

revolution was performed in nineteen days seventeen

hours, and that its greatest possible elongation was

eight degrees. Further transits of the new body

might be expected between March

25th and April 10th, and Sep-

tember 27th and October 14tli,

and during the few years that

ensued it was anxiously looked

for by many observers, who, how-

ever, utterly failed to see any-

thing of it within the prescribed

dates. And it should also be men-

tioned that M. Liais, in Brazil,

states that he was observing the

sun at exactly the same time as that

when the small planetary body was
alleged to have been seen by Les-

carbault, but that, though he used

a more powerful telescope thanLes-

carbault, he saw nothing whatever

of a strange spot on the sun, and

is certain that no such object

could have been visible at the

time. This threw grave doubt

upon the whole matter just at a

period when it seemed in a fair

way to receive a satisfactory

settlement.

The facts concerning the sus-

pected planet being brought di-

rectly under the notice of the

astronomical world, caused many
observers to inquire whether

amongst the I'ecords of solar ob-

servers there were any notices of

the transit of remarkable spots, and

a few such instances were soon discovered. On
January 6th, 1818, Mr. Capel Lofft, of Ipswich,

describes an observation as follows :
—" I saw the

spot about 11 a.m. with my own reflector, power
about 80 ; with an excellent Cassegrain reflector,

made by Crickmore of this town, with about 2G0,

and with a reflector of Mr. Acton's with about 170.

It appeai'ed when I first saw it somewhere about

one-thii-d from the eastei-n limb, sub-elli]:)tic,

small, uniformly opaque. About 2.30 p.m., it

appeared to Mr. Acton considerably advanced, and
a little west of the sun's centre, and I think it

appeared then six or eight seconds in diameter. I

had been able to see no spot on the 4th, nor again

on the 8th, and even on the 6th IMr. Crickn)ore

could not see it a Httle before sunset, though the

178

telescope already mentioned gave him every

advantage. Its apparent path while visible seemed

to make a small angle with the sun's equator. Its

state of motion was inconsistent witli tbat of the

Fig. 1.—Eelativo Pos-tions of the Orljits of Vu'.oiiu, Mercury, Venus, aud the Earth.

solar rotation, and both in figure, density, and

regularity of path, it seemed utterly unlike floating

scoria. In shorb, its progress over the sun's disc

seems to have exceeded that of Venus in transit.

There are two instances, if not three, of comets

seen in transit, aiad this phenomenon seems to

have been one."

Fritsch, on March 29, 1800, and Fcliruary 7

and October 2, 1802, ascribed a rajjid })roper

motion to certain dark spots he observed, but his

testimony carries little weight, inasmuch as he

frequently attributed such motions to solar spots.

In 1847, early in July, a spot was seen crossing

the sun by two observere in London, but though

the fact is vouched for on duplicate testimony, its

value is in part destroyed by the circumstance
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that the date was not recorded, and may therefore

not ha^'e been precisely comcident. Moreover

the season of the year to which the records so

doubtfully refer precludes the possibility of this

spot being a transit of Lescarbault's planet.

A few years ago the writer received an account

S

N
Tig. 2.—Planetary Spot on the Sun, August 1, 1858.

of a supposed planet which had presumably been

found on the sun on the 1st of August, 1858, by Mr.

Wilson, at Manchester. He says :
—"I had been

watching the motion of a cluster of sun spots

coming round from i-ight to left, as they appeared to

be in my inverting telescope, during the few days

preceding August 1st, and on the afternoon of tliat

day at four o'clock went to my telescope to see if I

could discover any changes in the spots referred to.

I was astonished to find a perfectly round black

spot, free from any penumbra round the edge, jet

black, and not like any spots I had ever seen

before on the sun's disc. I at once concluded it

must be Mercury in transit, and by watching it

closely I fancied I could really see it moving, and

leaving the cluster of spots on its right. I

continued my observations for nearly an hour and

a half, until the sun was obscured by clouds, but by

that time the small body had advanced from right

to left (from a to 6 in Fig. 2) not less than 4 or 5

times its own diameter, which I estimated as from
-Jq to that of the sun. The telescope was a

rude instrument of my ovm make, with a ' simple

lens' object glass of 2^ inches diameter, and 75

inches focus, power about 50." This observation

obviously .efers to an object of considerable size,

and much larger than the suspected intra-Mercurial

planet. It may have been an ordinary sun spot of

rather exceptional type, but the ai)parent motion of

the spot, if real, is difficult to explain on ordinary

grounds. The position of the sun's axis with

relation to the observer's horizon changes so rapidly

that in an hour a marked displacement will be

observable in the telescope. A spot which near

sunrise appears on the apparent south-east edge of

the sun will at noon be placed on the east-north-

east edge, and at sunset Avill have reached the

north side of the sun. This will be better explained

by a diagram (Fig. 3).

An observer, unless he allows for such apparent

motions as arise from the sun's diurnal path across

the sky, is likely to attribute erroneous motions

to sun spots, though we can hardly say that this

will sufficiently explain the remarkable observation

by Mr. Wilson above alluded to, because he

distinctly states that the positions of the spots

vaiied with relation to each other.

On March 20, 1862, another planetary spot passed

over the sun. It was seen by Mr. Lummis at

Manchester, and his observation supplies one of the

best instances '»ve have of this nature. He records

that between 8 and 9 a.m. he was struck by the

apparition of a spot moving rapidly across the sun.

He called a friend's attention to it, and they both

remarked its sharply circular form. The apparent

diameter was estimated at seven seconds of arc, and

it was unfortunate that after following it for twenty

minutes, during which he estimated it moved over

twelve minutes of arc, his official duties compelled

him to leave his telescope, and the completion of the

transit was unobserved.

Approximate elements were independently de-

rived from Mr. Lummis's notes by two French

computers, who not only agreed fairly well together,

but also with Le Ven-ier's former results, and thus

the probabilities of the existence of the new planet

were yet further enhanced. Results so distinctly

confirming each other could hai'dly be erroneous,

and the question naturally arose how far the original

observations upon which they were based could be

trusted. Doubtless, they were somewhat rough, and,

necessarily so, for the observers had been taken

unawares. They had not expected so unique a

spectacle as that of a planetary spot on the sun, or

they would have been prepared with suitable instru-

ments for its complete and accurate observation.

We can hardly doubt that these spots were seen, for

to question the veracity of the observers must lead
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MS directly to assume that the scientific world was

victimised by gross impostures. In some instances

observers might have been a little hast}' in ascriljing

proper motions to solar spots, and we can readily

understand that inexperienced pei'sons would be

specially liable. Their enthusiasm may have carried

and watched with acciu-ate detail. But through all

the years during which these experienced observers,

scanned the sun with devoted pertinacity, and

amongst all the well-nigh innumerable host of sun-

S2)ots which they examined, not a single instance

can be found in which the records distinctly refer to-

Plane of the Horizon

Fig. 3,

—

Change of observed position in a Son spot originati:d bt tke Sun's apparent Diurnal Motion in the Heavens.

them beyond the true appreciation of the facts. The

hurried nature of the observation in several in-

stances lends countenance to this idea ; but yet, to

sum lip, it is impossible to explain the best authen-

ticated cases, unless on the assumption of a new
planet. It is true that all attempts to calculate the

orbit appear to have failed in the sequel, for the

predictions, which have been several times made, as

to the time when the jilanet might be again wit-

nessed in transit, have utterlj^ failed. Telescopes

have been directed to the sun again and again with

the view to capture the errant body, but invariably

without success. The repeated examination of the

solar disc has, in fact, revealed nothing but the

oi-dinary sun spots. The small, circular, dark spot

so eagei-ly sought for has never presented itself, and

there remain the same doubts now as when Le
Vei-rier first announced his conclusions in reference

to the existence of the planet.

It is veiy remarkable that it was never seen by

our greatest solar observers. Hofrath Schwabe, at

Dessau, observed the sun every day, when visible,

for more than forty years, yet he i-ecords no instance

of a planetary transit ; and Carring-ton, Hewlett,

and others noted for their diligence in recording

solar phenomena, have given us no evidence of the

suspected body. Their voluminous registers are

silent upon the subject. Yet had a planet presented

itself upon the sun during one of their searching in-

vestigations it must have been detected immediately,

a planetary body in transit, and this cannot fail to-

be regarded as a fact tending to negative, in the^

strongest manner, the isolated descriptions which

have been adduced upholding the theory of a new
jilanet.

Mr. Hind, in October, 1872, recommended ob-

servers to watch the sun on March 24 of the ensuingo
year; for having analysed the subject thoroughly,

his resulting computations led him to infer the

probable transit of the suspected planet on that-

day ; but though the sun was closely watched at

British and foreign observatories nothing unusual

was seen. It is true that an observer at Shanshai

telegraphed to Mr. Hind that his "predicted cii'cular

spot on the sun had been seen there distinctly at-

9 a.m. on March 24," but there was no reference to

motion, and the jirobability is that an ordinary

sun spot was alluded to.

In 1879, Prof. Oppolzer, of Yienna, investigated

the matter, and from a combination of eight obser-

vations of black transitory spots deduced new ele-

ments for the strange body, and found that if the

calculated orbit were to be relied upon, a transit of

the planet must occur on March 18, 1879. But in

this case also, purely negative results awaited the

observers, so that, in fact, all the computations,

hitherto attempted have failed to prove truly re-

presentative, and to indicate the very essential

detail as to when the new planet may be seen

crossing the sun. We must evidently await.
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another accidental observation liefore a reasonable

hope can be lieLl out that the subject can be suc-

cessfully grappled with by mathematicians
;

and,

obviously, there will be a great amount of credit

<lue to those who shall, at last, definitely settle the

matter, by firmly securing the evasive stranger, and

placing him amongst the series of planets whose

orbits and motions have been thoroughly well

ascertained.

We have been dealing with the question, so far,

as relates to alleged transits of the supposed planet

over the sun, but it may be dealt with in another

aspect, for its discovery has been hinted as possible

during the phenomenon of a total solar eclipse when
it might be detected in the neighbourhood of the

sun. On such an occasion an unnatural darkness

envelops the sky ; the planets and brighter stars

are visible as at night, and it may be faii'ly ex-

pected that a strange luminous body, if really

existing near the sun, would become pei'ceptible at

such a time if attentively looked for with the naked

eye, and, that failing, with the telesco[)e. But such

observations have very rarely been attempted. Those

who have had the opportunities have neglected

them. The striking ])henomena of the eclipsed sun

have wholly engrossed them, as they have stood

watching its vapidly-varying aspects, and we cannot

wonder that, in the face of such an all-absorbing-

spectacle, no thought has been directed to other

observations. At last, however, the spell has been

bi'oken. During the total solar eclipse of July 29,

1878, two American observers were alleged to have

detected the long-sought planet. Previously to the

eclipse, a chart had been carefully prepared of the

positions of such planets and stars which might be

expected to be visible
;
and, in addition to these,

there was seen a small stellar object near the sun,

which, from its jjosition, could not be identified with

any known object in tlie heavens. One of the

observers (Professor Watson), well known by

his numerous discoveries of minor planets, states

that, during the progress of the eclipse, "he found

a ruddy star of 4|- magnitude, which, with a power

of 45, showed a perceptible disc without any

appearance of elongation, as might be expected if it

were a comet." He also found another object

which he could not certainly identify, and the

observations were confirmed by another observe)-,

for the positions, independently assignt^d, agreed

within small limits. Now, at last, the planet

seemed to have been discovered, though, in certain

Vjnarters, the observations were not considered to be,

in all respects, satisfactory. One of the observers,

Professor Swift, had found it nece.ssary to modify
his statements in several important details, and this

had destroyed the reliance and value which would
otherwise have been attributed to them. Professor

Watson's seemed more satisfactory, though it has

been siiace pointed out that the line between his

two stars is almost parallel to, and precisely of the

same length as the line between the well-known

stars 0 and f of Cancer, which occupied a closely

bordering position to the strange objects he has

alluded to. A slight error in the adjustment

of his instrument would originate a displacement

sufficient to explain the fact that the two stars

had been mistaken for new planets, and this is the

construction put upon the matter by Pi-ofessor

Peters, who has critically reviewed all the facts. The
observers strongly oppose this theory, but while

doing so are silent upon the very important point

as to whether they saw the two stars mentioned in

addition to the strange objects they have described.

If so, then the opposition fails in its chief argument.

In the meantime we cannot but entertain the

greatest mi.sgiving that this observation will ulti-

mately prove, like its predecessors, of no real value

in clearing up the matter.

Professor Peters has fully discussed the so-called

observations of planetary bodies upon the sun, and
remarks that they have nearly always rested on the

testimony of obscure amateurs. Such objects have

never revealed themselves to habitual sun ob-

servers, or appeared on the solar photographs which

have, during recent years, constituted an item of

daily work at several of the chief observatories. He
alludes to an alleged observation of a planetary spot

of recent date, " which, but for its being identified

with one of the ordinary sun spots on the Green-

wich and Madrid photographs, would now have

been considered a well-authenticated apparition of

an intra-Mercurial planet." He then proceeds to

refer to the observation by Lunmiis on March 20,

1862, which Le Vei'rier had looked i^pon as one of

the most valuable records of the kind, and shows

that, according to other observations made at pre-

cisely the same time, two ordinary spots were

noticed by Mr. Lummis ; first one, and then, twenty

minutes later, the other, which, he thought, was the

same as the first one, and had, therefoie, appa-

I'ently moved in the meantime. The positions of

the two spots were such as to have readily origin-

ated the mistake, and agree with the description

wliich Mr. Lummis had given.

Thus one of the most valuable observations, as it

has been considered, is shown to be vitiated by an
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error of the most simple chai'acter, and, admitting

this, we caimot but feel apprehensive of the worth-

lessness of the remaining instances. It is quite

possible that they are all to be explained on other

grounds than that of an intra-Mercurial planet.

They can hardly have been meteors, because the

observed motions were too gradual, nor can they

have been terrestrial objects from the same cause.

Flights of birds, insects, seeds, or dust particles, are

occasionally, no doubt, projected on the sun as

opaque bodies in rapid transit, but their swiftness

and irregular motion at once distinguish their

character. A very interesting observation of this

tind was recorded by Capt. Herschel at Bangalore,

in India, on October 17 and 18, 180 9. At noon on

the 17th some dark shadows were noticed crossing

the sun, and afterwards some light streaks beyond

its border. Their frequency and uniformity of

tlirection attracted notice, as indicating that an un-

iisual phenomenon was in progress, such as possibly

the passage of a meteoric stream over the sun.

They were watched until sunset, and at seven o'clock

the follo^ving morning the bodies were still passing

in a continuous stream. At noon the observers

had obtained the following chief facts of their

appearance :
—

Their direction is towards about loO"" E. of N.,

Tig. 4.—Dark Objects seen crossiiii; the Snn on October 17, 18, 1869.

but it is almost certain there are two streams. They
are not very distant, and their motion is irregular.

On the whole, the motion resembles that of floating

particles subject to the influence of a mingling of

many currents. Their number is anything short of

infinity. Tlieir form is very difficult to describe,

but ultimately they seemed to take that of a double

crescent with a bar across, and wings, or phantom-

like appendages, accompanying, as in Fig. 4, a. At
]ast one of the objects paused, hovered, and

whisked oflT, and in that instant the observer saw
the appearance as in Fig. 4, b. There vxis no longer

<iny doubt ; tkeij were locusts or flies of some kind.

The next morning (Oct. 1 9) they were still streaming

by in hundreds in the same direction. At the

time when the above description was written, the

Homeward Mail contained the news that countless

locusts had descended upon certain parts of India.

The appearance here referred to will account for

otlier similar phenomena which ha\'e been some-

times observed. During the eclipse of Aug. 7-8,

1869, " meteoric bodies were seen to croas tlie

telescope from west to east like bright flakes."

These curious objects are capable of the same ex-

planation as that just given above. In such cases

the facts cannot be too carefully recorded by tho.se

who witness them, and observers should endeavour

to avoid undue haste in asciibing to such objects a

cosmical origin when they are to be readily ac-

counted for by some oi'dinary event of purely terres-

trial character.

Thus we have seen by what has been said of the

facts connected with the history of the new planet

that the whole question is at the present time in a

most doubtful state. The existence of the alleged

planet may or may not be considered probable ac-

cording to the view we take of the evidence before us.

It is certain that nothing definite is to be gleaned

from past observations. Mathematicians have

laboured unsuccessfully to reduce them to a tangible

form, and to make them the basis of trustworthy

prediction, but all to no avail. Absolute failure

has invariably attended such efforts, and a satis-

factory solution can hardly be anticipated until we
have further observations to import into the discus-

sion. Meanwhile observers should not abate their

assiduity in watching the sun for remarkable spots,

and it is most gratifying to consider in this connec-

tion that, shoiild a planetary body be presented it

will have little chance of avoiding discovery, seeing

that at several of the principal observatories the

sun is photographed every line day, and his spot

phenomena subjected to an examination in detail.

And, moreover, there are numerous irregular ob-

sei'vers constantly on the alert to scan the solar

surface, so that it is hardly possible a planet could

complete its transit without being seen somewhere.

The comparative frequency of such ti-ansits must

obviously depend upon the planet's inclination of

orbit. If a small value represented this, then the

planet would often be projected upon the sun

;

indeed, according to Professor Oppolzer's computa-

tions, a transit should take place every year in

March and October. But, on the other hand, if the

new planet showed a considerable deviation from the

plane of the ecliptic we should seldom be enabled to

witness such phenomena, for as the planet arrived
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at conjunction with the sun it would pass either

above or below that luminary, according to circum-

stances. The probabilities are that transits are

somewhat rare. If they were of annual occurrence

it would be difficult to account for the fact that

they so frequently eluded detection, unless we
attribute to the planet a much smaller diameter

than that commonly assigned. Possibly the new
body is more minute than Mercury, and, by

analogy, one might expect it to be so, for Venus^

lying nearer the sun than the earth, is inferior to-

it in magnitude ; and Mercury, nearer than Venus,

exliibits another diminution in point of size. If

this consecutive decrease extends to the new planet,

then it could only be an object for very powerful

telescopes, and we can therefore the more readily

understand how it has escaped certain detection

for so many years.

A TEATHBE.
By Dr. Hans Gadow.

IT requires no scientific knowledge, and only the

most superficial observation, to know that

birds' feathers vary infinitely in shape, hue, and

glory. We have the gaudy plumes of the peacock,

and the more sombre garb of his mate ; the

black covering of the raven, and the snowy jjlumage

of the ivory gull. But when feathers are examined

from the anatomist's point of view, the bright hues

which give them character, and even the endless

forms' of the bird's covering, become altogether

secondary, and, as it were, trivial matters of detail.

The study of the development of feathers shows

that they are identical in origin, and that, however

much they may differ in their adult state, tliey have

certain broad invariable features in common. First,

then, let us examine the anatomy of a feather.

The hard substance of the feather—that is to say,

the joart which resists alike wet and putrefaction

—

belongs to the same category of horjiy productions

of the animal body as hairs and finger-nails.

We can separate a full-grown feather—such as

that of a fowl's back—into three different parts

(Fig. 1).

First, there is the quill, or scapus. It is the

strongest part of the feather, and consists princi-

pally of a long narrow cone, the basal pai-t of which,

called the barrel {calamus), and out of which pens

are, or were, made, is hollow, round, transparent

and colourless ; whilst the upper and far longer

part, the proper shaft (rachis), is more or less

quadrangularly compressed, and filled inside with a

pithy substance, veiy similar in appearance to the

white and light interior of an alder twig. This

quill carries the bai-bs (rami), which form the

second important part of the feather, as they,

although small, number several thoiisands in a large

feather, and compose, by their standing so closely

together, a compact flattened plane, which we know
as the webs, or vane {yexillum).

These branches lie opposite to each other on two-

sides of the shaft, and consist of flat lamellce, or

Fig'. 1.—Feather taken from tlie back of an Argus gigavteus : a,

the Shaft; b, Aftershaft ; c. Branches composing the web : these'

branches being taken away from the one side both of the shaft
and the aftershaft ; d, part of the Barrel. Natural size. {Aftof

Nttzsch.)

bands, gradually tapering towards the margin of

the feather. They lie with their flat sides one on

the top of the other, and are so placed that one

edge looks upwards and outwards, while tl''^ other

looks do^vnwards, and towards the body of th&

bird.

Thirdly, there are the radii (Figs. 2, 3, i, and 5).
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They have the same relation to the rami that the

latter have to tlie shaft, so that eacli ramus with

its i-adii is a miniature feather in itself; only the

manner of their arrangement is different—the

radii attached to the upper edge of the

rami pointing in the direction of the tip

of the feather, while those issuing from

the under edge are directed backwards

and outwards. Near the base they are

also flat lamellce, ending, however, in a

very fine point. The number of radii

on every ramus is very large, and this

can be seen with the naked eye. They

are the tiny things seen between the

branches of the web when we hold the

latter up against the light, and carefully

try to detach them from one another.

In attempting to do this, however, we at

once remark that we cannot so easily

separate the rami from each other, but

that they cling to each other as if they

were glued together. This is the result

of the peculiar structure of the radii,Pig -One
r.uiuis of a

^jjj^,]^^ gj^.^U g^Qj-^ ggg^ of veryHa \v k ' s
Down.

T . /v»
(Luroely mag- diiierent sliapes.

In most cases there issue from the

outer side of those radii which are directed towards

the edge of the whole feather additional, very thin,

thread-like lashes, which we caii see only under a

strong power of the microscope. These

are called by the scientific name of cilia

(Figs. 2, 3, 4, and 5). Their greatest

development takes place, on the average,

in the middle part of the radii, where

some of them are bent at their tips

like hooklets, called on this account

hamuli (h). These hamuli are of very

great importance, in spite of their sur-

prising smallness ; because their tiny

hooklet-shaped tips, clasping round the

somewhat thickened edge of the next

radius, fasten on to the latter, and thus

hold all the radii together (Fig. 5). By
this arrangement a double advantage is

efi'ected. Firstly, the neighbouring radii,

and through these also the rami, are

bound, or combined together, to a flat

and broad plane—the so-called " web "

—

riff. s.-Rfi- by means of which the bird can cause

iinmiis of a a prcssurc on the air, and is enabled
1' 1 g o o n' s ^

. . .

'iiiiH- to rise into the air, and to fly
;
secondly,

the whole web is now elastic, to a very great

extent, as by the motion and bending of the web

all the innumerable single booklets slide up and

down on the edges of the radii as in a hinge,

so that a tearing or loosening of the radii becomes

almost impossible.

The cilia them.selves exhibit, in the several kinds

of feathers and in the diflTerent families of birds,

very great variations in shape, as well as

in their numljer. The total number of

the cilia and hooklets on eveiy radius

amounts, on an average, to a dozen, half

of this number being transformed into

hooklets. Again, in several places, and

in diflferent kinds of feathers, even on one

and the same bird, the cilia consist simply

of quite short points—as, for instance,

near the tip of a feather oflT a duck's back.

Others, again, have the shape of veiy

small irregular cups, or, especially on

the tips of the downy feathers, they are

represented merely by small knots. Ac-

cordingly, some authors make a distinc-

tion between simple, knotted, and

branched radiL

It may here be observed that these

cilia, with their A ariations, the little

hooklets, are not, as formerly was the

general opinion, equivalent with the

rami, or even the I'adii, but that they are

to be looked upon as excrescences of the

surfixce of the radii ; because with the

help of a strong microscope we find

that some of the cells of the radii have a more

rapid and larger growth than the others, and

so, by theii- growing larger and longer, give rise to

the rough surface of the radii, and to the several

shapes which are known as knots and hooklets.

Another part in many featliers is the so-called

after-shaft, or Jtyporachis (Fig. 1). As it consists of

a shaft which sends forth again smaller branches in

two opposite directions, it seems like a separate

feather by itself. The whole after-shaft springs off"

at the inner side of an ordiiaary feather at the place

where the barrel goes over into the pith-containing

and web-carrying shaft, just where the so-called

" soul " of the feather sticks out (this region of the

feather being known as its "nabel "). Such an after-

shaft shows its greatest development in some of the

ostrich-like birds ; in the covering feathers of the

Cassowary, Dromaeus, and Apteryx it is of the same

length, and exactly of the same structure as the

real feathers, so that every feather taken from the

back of such a bird seems to be double.

In most of the other bii'ds the after-shaft is veiy

Fig. 4 —One
radius takm
from the
eaiue Ita-

mus, but
fnuu the
pide iKiint-

ing towards
ilio tip of
tlie FoalFlor,
Bliowiug the
Cilia and
H ook 1 et s.

(Gi-eatUi iiuig-

ni/ied)
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small—as, foi* instance, in domestic fowls, ducks,

geese, waders, and singing birds. Many other birds

—as for instance, the owls, cuckoos, pigeons, cor-

morants, itc.—want the after-shaft entirely. It is,

moreover, never found on the great quills of the

Fig. 5.—Under-view of a part of the Shaft of a Quill, with the
basal parts of three Rami, the Eami showing ten radii as figured
in Fig. 3, and ten radii as seen in Fig. 4, magnified. In the
comer are seen two radii in their natural position, showing
how the Hamuli of one radius clasp round the edge of the radius

of the neighbouring Ramus. {Much magnified.)

wmg and tail (Figs. 9, 10). Let us now, for

curiosity's sake, count up of how many of all

these parts mentioned above one single feather may
consist. We take, for example, as I have one just

handy, an eagle's quill, the web of which is fifteen

inches in length.

On the inner web I coimt about eleven hundred

rami ; on the outer web about nine hundred. From

each side of one of the longest rami of the inner

web issue about fifteen himdred j^airs of I'adii;

consequently, on that single ramus there are at least

six thousand radii. The rami at the different parts

of the web beiiag of a different length, we will accept

as the average number of the radii of every ramus

about 2,000 pairs, or 4,000 single radii.

On every ramus of the outer web there are about

600 pairs or 1,200 single radii. Everyone of the

latter, again, sends out about ten cilia and hooklets

on the outer web, as well as in the inner one, with

this result :—

-

Inner web has 1,100 rami with 4,000 radii equal to

4,400,000 radii.

Outer web has 900 rami with 1,200 rddii equal to

1,080,000 radii.

Tlie whole web of 2,000 rami has thus 5,480,000

radii, with the cilia and hooklets equal to

about 30,000,000.

So this single feather contains about two
thousand rami, five millions and a half of radii, and
the surprising number of more than fifty-four

millions of cilia and hooklets ! The rami and
radii being added, it consists, roughly speaking, of

sixty millions of i>arts. How large, then, will be

the number of these things in one of the long and

beautiful feathere of a bird like a peacock may be

imagined, for, in fact, they exist in numbers almost

impossible for us to estimate.

A bird is born unfeathered. The feathers grow

after it emerges from the shell ; for the fluffy down
with which the skin of the young chick is clothed

is but the promise of the covering of its maturity.

How, then, is developed such a complicated and

delicate structure as a feather, which contains, at

the same time, so much strength and elasticity?

This leads us to inquire into and follow its gi'owth

from the earliest stages to the perfect form.

The commencement of the gro\vth of a feather

is surprisingly simple. Let us take for examina-

tion the egg of a young fowl, or a duck, after it has

been sat upon by the mother long enough for the

embryo, or young animal, to be developed by her

animal heat from the svibstance of the egg.* Let us

look at the end of the first week at the still quite

soft skin of the embryo. In birds, as in mammals,

the skin consists of two principal layers
;

first, a

very thin horny layer, which surroimds the whole of

the bird externally—this is known as the epidermis ;

secondly, a thicker, softer, and more tenacious

under-layer, immediately covering the muscles of

the body—this is called the cutis, or leathery skin.

The cutis is very juicy, and full of blood, and forms

the substance which, when tanned, we oi"dinarily

know as leather. Between this cutis and the upj^er

layer— vi^;., the epidermis—exists another soft and

iuicy layer, which belongs to the epidermis, or, to

speak more correctly, the epidermis belongs to this

second layer ; because this middle layer {rete Mai-

pighii) really forms the epidermis, being the part

which renews the latter when it is worn oif by daily

friction. Such a wearing off" of the epidei-mal layer

is seen in the scurf which falls from our heads

in daily life. The rete Malpighii itself consists of

a layer of small cellulse, visible only under the

microscope.

But now to return to our chick. Its whole skin

gets in many places small irregularities of surface

or elevations which, gradually becoming bigger and

higher, form small pimples (papilla;). The whole

* " The History of a Hen's Egg : " " Science for All," Vol.

n., p. 195.
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thing is caused by a swelling of the cutis and the

rete Malpujliii. Very soon, however, the base of

this small lump sinks deeper, carrying with it the

surrounding epidermis, and so causes a growth to

form, from the middle of which projects the first

beginning of the future feather, the so-called imlpa

pennce—or " feather pulp."

When examined under a strong power of the

microscope, a longitudinal section of the whole oi'gan

would appear as shown in Fig. 6. The whole is the

p

FiiT. 6.—Longitudinal or vertical Section : the wliole is the
Papilla, with the pouch-like depression, covered hy the
Epidermis (c). km, layer of cells of the Rete Malpighii ;

cit.

Cutis, or true skin
;
M, Muscles

;
P, Pulpa, or germ of the

growing feather
;

A, an Artery, and v. a vein in Cutis that
supply the future feather in the blood. ( Magnified).

papilla, with the pouch-like depression, and all is

covered by the epidermis (e), underneath which is

the layer of cells of the rete Malpiyhii (rm), and

below that the true cutis covei'ing the muscles (m).

In this cutis are seen an artery (a) and a vein (v),

which are the blood-vessels which supply the future

feather with blood

—

i.e , the means of nourishment.

The elevation (p) is the pulpa, the real germ of the

feather.

This pulpa now begins to change its simple form.

The basal portion (that nearest the flesh of the bird)

becomes, as it were strangled, and gets an onion-like

shape (Pj in Fig. 7), whilst the upper part (Pj)

increases in length, and stretches upward more and

more. The surrounding cells (rji) of the rete

Malpiyhii multiply, and the latter grow also in

length, by dividing themselves longitudinally and

transversely, and then getting hard and horny,

like our finger-nails. Then every one of these series

of cells grows to a fine horny thread, which begets,

moreover, on the sides smaller threads, only visible

with a lens, perforating the epidermis. We now see

sticking out of the top of the "pimple"' a little tuft

of about a dozen bristles, like a small paint-brush.

The outer layer (the epidermis) is torn by this pro-

cess, and falls oS" in small scurfy pieces at the time

when the young chicken comes out of the egg.

A longitudinal section of such a young primitive

feather exhibits the following aspect (Fig. 7) :

—

F is the small feather-brush
; e, the falling-off scurf

of the epidermis
;
rm, the two layers of the mucous

179

layer, or rete MalpigJiii, like the finger of a glove

drawn back half-way into the glove
; p, the upper

part, and p^, the basal part of the pulpa, in

which the artery and the veins are seen.

Fig. 7.—Longitudinal Section of a growing downy feather of a
bird in the shell. The bristles have pierced the Eiridermis (c,
which falls oif in small scurfs, rm, Rete Malpighii_; c, Cutis;
Pi, P2, Pulpa ; A, V, Artery and Vein

;
km.2, the inner layer

of the Rete Malpighii, formerly the outer layer of the pouch,
before being so deeijly pressed do^vn (Fig. 6).

Now, such feather-brushes being distributed over

nearly the whole surface of the body, the young

bird, when it emerges from the egg, has got a soft

covering, which serves as its first protection against

the cold and wet. However, such a simple covering

is not suflicient for very long, since the young bird,

as it increases in size, carmot any longer be covered

and warmed by its parents ; besides this, it will

have to fly, and for this purpose, it wants large and

strong feathers.

The small, tiny feathers, therefore, the growth of

which we have examined already, after they have

fulfilled their purpose, fall out, the artery ceasing

to carry any more blood into the upper part of the

pulpa, and so consequently the feather-brush dries

up and dies.

The basal, onion-like half of the pulpa, which

had become separated from the first foundation

(seen in Fig. 7), begins to grow, and becomes

so long that it sticks out to a considerable

distance from the body, and pushes the first

downy feather-brush off (Fig. 9). At the same

time the surrounding cells of the mucous layer

grow and multiply in number very quickly. At
first branches develop out of the uppermost cells

quite similar to those which we have seen in the
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Ihst covering of the nestling. These branches stick

out of the skin, and form the top of the new
definitive feather. Tlie outermost cells of the

mucous layer transform themselves into a hoi'ny,

thin, and transparent sheath for the young feather.

Later on, the feather having grown larger, this

sheath bursts, and falls ofi' in pieces. At this

stage the bird is now in the condition known to

every one as " pen-feathered," and when it shakes

itself the scurfy scales fall off in every direction.

Then the pulpa grows more and more in length,

and forms that part, which, full of blood and

nourishmg juice, and of a reddish-blue colour, is

the basal half of the not yet fully-grown feather.

A transverse section of this part would give us

the appearance shown in the cut below (Fig. 8).

r^ At first one of the

marginal cells in-

creases considerably

in bulk at the ex-

pense of its neigh-

bours, and occupies

the greater part of

one side, usually the

side nearest the body

(r) ; it ultimately

transforms itself into

the strong shaft of

the feather, giving a

base for the rami

with their component

radii, &c. These rami

originate from the remaining marginal cells of the

rete Malpighii (rm), and form, as we have shown

above, the web of the feather. "When the web

has grown to its full length, the marginal cells

cease to produce rami, and amalgamate into a

strong horny ring (as it appears in transverse

section). It is this part which is called the

" barrel " of the feather.

Everywhere, when the shaft with its rami is

perfected, the function of the pulpa ceases, the

vessels inside it dry up at its summit, and as, at

the same time, the juice contained in the pulpa

is used up, the pulpa naturally gets shorter, and

retires upon itself towards the base of the feather.

Only the outer shell of the pulpa remains, resting

like a small cap upon the summit of the pulpa, and

as the latter retires little by little at certain

intervals, a sixccession of these small transparent

air-containing caps is formed inside the barrel,

knowji as the "soid" of the feather. This " soul " is

familiar to everybody who has cut a quill, as it

rig. 8.—Transverse Section of a
growing Feather, at about the
middle of Fig. 9, where the letters
s?i are put : e, the Epidermis
surrounding the whole pouch,
immediately adjoirdng the layer
of cells of the Eete Malpighii
(rm), these cells once more
surrounding the Pulpa (p) ;

r, the
collection of cells which go to
fonn the shaft

;
r?i, those cells

which go to form the aftershaft

;

V. a, sections of the Vein and
Artery. (Magnified.)

has to be withdrawn before the pen will write

(Fig. 10).

Finally, when the feather has reached its full

size, it is attached to the skin by only a very

small portion of it, the pulpa having contracted to its

Fig. 9.—Langitudinal Section of two gi'owing Feathers, the smaller
one in a stage where the bristles or branches of the tip of the
young feathers have just pierced through the broken and
partially split-off sheath (sii)

; e, Eijidermis ; rm, Eete Malpighii

;

Pl and P.2, the two parts of the Pulpa
; c, Cutis ; a, the Artery

supplying the M-itrix of the young featlier with blood. The
barrel of the feather not yet developed. (Magnified.)

original onion-shaped bulb. The feather is now
perfect.

The beautiful and often surprisingly magnificent

colouring of the feather is derived from pigment,

which is collected in the rete Mcdjmjhii, and is

probably also generated therein.

We see the same arrangement in the colour of the

different i-aces of mankind. The black colour of
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tlie Negroes, the Papuans, and the aborigines of

Australia, the coppery-red of the American

Indians, the yellow of the Mongols, and the

brown of the Malays, is produced by black, red,

yellow, or brown pigment cells, existing in the

mucous layer of the rete Malpighii, and shining

through the transpai'ent epidermis. In Europeans,

however, this layer contains no pigment whatever,

but the blood and flesh shine througli the

upper skin, aiad produce

the rosy whitish tinge cha-

racteristic of their skin.

When the feathers are

abraded or worn with iise,

or when the bird gets its

winter coat or its breed-

ing-di-ess in the spring, a

necessity for developing

new feathers arises. Then

the small pulpa (p2) re-

vives, new juices being

supplied to it by the

artery, and, increasing once

more in length, again goes

through the process we
have described above, and

pushes out the old feather

exactly as in its infant

stage it got rid of the

original downy plume. This

process being carried out in

many feathers at the same

time, the bird " moults."

Again, when a feather is

torn out of a bird at any

other time than the moult-

ing season, the pulpa is

always ready to supply a

new one. Thus it happens that, when one of our pet

birds loses a feather, or even if one pulls out its

whole tail by accident, we have the comfort of

knowing that in a few weeks it will develop a

fresh and, perhaps, even more beautiful plumage
(Figs. 9 and 10).

A few words may be now devoted to the different

kinds of feathers. According to their structure and
the different parts of the body on which they
are found, we may distinguish several kinds of

feathers, which, while not strictly different from
each other, often show, even in one and the same
bird, all kinds of intermediate forms.

Firstly, there are the downy feathers (j)hinmlce).

These are rather short, fine, and generally white.

Fier. 10.—Basal part of the
Quill of the Bearded
Eagle (Gijpaetos larbatus).
The barrel is cut open,
showing inside the so-
called " soul " of the
feather sticking out at(N)
theNabel. (Natural size.)

with a weak shaft, but have comparatively long

and very thin rami and a few radii, though they

generally want the cilia and hamuli. Tliese

plumes, known as down, are situated in the fully-

grown bird between the " contour " feathers,

which we shall describe farther on. They are

entirely covered by the latter, and are thus not

visible from the outer surface of the body. Their

exclusive use is to provide the bird with a warm
covering

;
they ai"e therefore most developed in the

swimming birds, especially in those which live in

cold climates. To us they are of great use, as we
use them for filling our coverlets and pillows

;

those considered the best and most in demand

being the " down " of the Eider duck {Somateria

mollissima).

The first coveiing of the nestlings is also com-

posed of down-like feathers, and not before the lapse

of a considerable time do the young birds get true

feathers, like those of the parents. These nestling

plumes are of a great scientific interest, as very

possibly they indicate the remnants of a former

state of primitive feathering, showing that the birds

of former periods were covered simply with feathers

more like those which are now seen merely in

the first ])lumage of the young ones.

Naturalists have acknowledged, as a law of

universal value, that the young of animals,

especially when they are in an undeveloped state,

differ in many points from their parents, and that

these differences point to a state of lower organisa-

tion resembling that of their ancient progenitors.

Thus by the appearance of the young animals we
are led to suspect their probable relationship.

Accordingly many natui'alists have used the feather-

ing of birds and the different conditions of the nest-

lings at their birth as means of classification, and

have divided them into two great orders, called

Ptilopcedes* and PsUopcedes.'f Thus the chickens

of the first order, the Ptilopcedes, when hatched,

are covered with down all over their body, and are

able to supply themselves with food from the

moment of their exclusion from the egg
;
whereas,

the second order, the Psilopcedes, are hatched

without any down upon them, and are brought

into the world naked, helpless, and blind, depending

on the care of their parents for a supply of food

and warmth, until they become strong enough to

shift for themselves. A familiar example of a

psilopaedic nestling is seen in the sparrow, canary,

* From the Greek words ptilon, a downy feather, and joais,

a child, or young one.

t From psilos, naked, and pais.
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and thrush, while the chicks of the domestic fowl or

duck, of a coot or a moorhen, are illustrations of

the ptilopsedic birds. A young coot or moorhen,

which, when hatched, looks like a tiny ball of

black down, will, on the approach of danger, take

to the water at once, and we have more than once

found the nest with eggs partially hatched, with

the bills of the little ones peeping through the

shells, but none of the other nestlings in the nest

itself : they had all swum away, or hidden themselves

among the reeds.

This kind of classification, however, has not

met with imiversal approval by zoologists; for

though the differences of these two groups of birds

are very great, the birds of ovir own era exhibit too

many exceptions to the rule. Thus, for instance,

although the birds of prey, when hatched, are

covered with a rather thick downy covering, they

are helpless and blind at birth, and cannot leave

their nests. Once more, the young gulls are

hatched with a tliick downy covering, but sit for a

long time in their rudely-formed nest before they

make an attempt to take to the sea.

A very remarkable exception to the state of

development in which certain birds leave the

egg is seen in the talegallas and the megapodes.

The latter, to which the mound-building Me-

gapodius Freycineti belongs, live in Australia

and the Moluccas, and as the eggs are very

large, the hen does not sit at all, but buries

them in the black lava sand by the shore. The
sand is then warmed by the hot tropical sun,

and loses but little of its heat by night, and

thus the eggs are hatched from the heat of the

sand—this temperature being almost the same as

the blood of the bird, viz., about 104° Fahr. The

young megapodes, however, leave the egg neither

in down nor yet quite naked, but with feathers

over their body, and wings sufiiciently developed

for flight.

Still more wonderful is the talegalla bird, found

in New South Wales. We have watched in the

Berlin Zoological Gardens a pair of these birds, and

observed how the male in the breeding period

collected with its feet all the available moss,

withered and rotten leaves, small branches and

earth, and built with them an immense heap. This

heap he continually increased until it reached a

height of six feet, with the diameter of not

less than ten. He then made deep holes in

different parts of this mound in which the hen then

deposited her eggs. For many weeks nothing

more was noticed than that the cock occasionally

inspected the heap, when he must undoubtedly

have turned the eggs. The heap itself showed a

rather high temperature from the fermentation

of the rotten leaves and other fermentative

substances. This peculiar attempt had been given

up by the officers of 'the gardens as hopeless, as

they supposed that the climate was not fit for

such kind of hatching, when one morning the

keeper observed a young fowl crawling out of the

heap, and saw to his greatest astonishment that

this chick immediately flew over the neighbouring

fence. There then arose a hot chase in the

" Thiergarten " by the alarmed keepers, after that

wonderful bii-d, until they got hold of the megapode

chick. During the next days several other chickens

were found, one of them having been unable or not

strong enough to pierce the heap ; and so it was

found suffocated.

One might suppose that these birds have never

had any down covering at all, since they leave

the egg fully feathered. But more recent inquiries

have shown that the young megapodes, as well as

the talegallas, have had down before being hatched.

This downy covering is much the same as in the

ordinary domestic chicken, but gives place to the

new feathei's, which become developed and push the

down off before the bird leaves the egg, and thus

the first moulting takes place already within the

shell.

This is again a very remarkable example of the

way in which the young of animals repeat in siic-

cession all the different stages of development

through which their progenitors have gone ; for

without this presumption of inherited peculiarities,

the downy state within the egg would be as inex-

plicable as it is useless.

But we have, peiliaps, spoken at too great

length about the down. We have now to treat

the most important of all feathers, the so-called

" contour-feathers "—those, in fact, which are

ordinarily known as " feathei's." They are distin-

guished by a strong barrel and a long shaft,

armed with a double web emanating from its

opposite sides ; the down, on the other hand, has

branches projecting equally all round, like the

branches of a small fir tree.

They are called " contour feathers " because they

ai'e on the outside, and give the visible shape or

"contour" of the bird. These are the feathers

exposed to the light. They often possess the well-

known brilliantly variegated colours, and are there-

fore of the greatest importance in determining the

species of birds. These " contour feathers " are of
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several kinds. First, there are the ordinary clothing-

feathers. They are generally short but comparatively

broad and more downy near the barrel; they form the

covering of the head, neck, breast, back, and the

under part of tlie body. It is generally only the

tips of these feathers that are coloured, whilst the

other parts are grey, whitish, or indistinctly marked.

The second kind of contour feathers are those

which serve for flying, and are generally long and

stifi"—the so-called "quill-feathers." Those which

are situated on the wing are called remiges, whilst

those of tlie tail are

the rectrices,hecAM&e

they help to direct

the flight of the

bird through the

air; as the tail,

which generally

consists of from ten

to eighteen feathers,

can be closed or

spread out like a

fan, and turned

either to the right

or left like a rudder.

In good fliers—as,

for example, birds of

prey, pigeons, swal-

lows, &c.—the tail is

very long and well

developed. In bad

fliers, on the con-

trary—waders and

swimmers, for in-

stance, the tail is

short. Finally, in

the ostrich, which does not fly at all, it is quite

neglected, or developed for mere ornament.

Intermediate between these two kinds of feathers

—those for covering and flying—-there is a number

of others, all of which have special names ; but to

describe would lead us too far. In addition to the

magnificently coloured feathers of some birds, as the

peacock, we need only mention the most striking

variations of the " covering- feathers." To these

belong the almost entirely ornamental and remark-

ably pretty and long feathers of the back of the head

of the male heron, the crown-pigeon, &c. The
beautiful feathers of the bird of paradise, so often

carried on the ladies' hats, are not the quills of the

wing, but highly developed and transformed feathers

of the breast. So, also, those which compose the

" bow " of the peacock are not tail feathers, but its

Fig. 11.—Feather tracks on the under
surface of the body of a Cock (fiallua
Banhiva). (After Nitzsch).

extraordinarily developed covering feathers. The

win2-feathers of the African ostrich have lost their

character as remiges (rowing feathers), and have

become the well-known waving plumes, whilst those

of the wings of the penguins, which only dive and

swim, have turned quite small and scaly. The

remarkable, bare, stiff", and round points in the

cassowary's wings are feathers whose whole develop-

ment is confined to the quill—the web part being

entirely absent. In this manner, also, the eyelashes

and the bristles on the bills of numerous birds are

explicable
;
they still show, but only at their base,

the remains of a former web, and the presence of

this web proves that they

are to be considered as

feathers and not hair, as

was formerly supposed.

We have now only to

describe the distribution

of feathers over the body

of the bird. In only a

few birds— as, e.g., in

the cassowaiy and the

penguin—are the fea-

thers equally distributed

over the whole body,

leaving no bare spots

whatever, except the

bill and feet. In

almost all other birds,

it is found, on examin-

ing the body when
plucked, that many
parts are entirely desti-

tute of feather pores ; these places being covered

by the overlapping of the feathers of the neigh-

bouring parts of the body.

The proportion of these naked parts, called

apferia, to the feathered ones {pteryke), is important

for the systematic classification of birds, as has

been pointed out by Dr. Nitzsch, the discoverer of

this arrangement. According to the different parts

of the body where these " feather-tracks " are found,

these tracks themselves have different names—as, for

instance, the neck, shoulder, and belly-tracks. But

as a more minute description of the immense variety

of these marks would lead us into too lengthy a-

discussion, we shall simply content ourselves at

present with a few sketches of the best known
birds, by way of illustration (Figs. 11 and 12). It

may, besides, be easy for our readers to verify

these remarks by reference to the bii'ds in

question.

Fig. 12.—Feather-tracks on the
under side of the body of a
Duck f^rias Penelope). (After
Nitzsch.)
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THE WANDEEINGS OF A PEBBLE.
ByProfessok T. G. Bonney, M.A., F.E.S., F.G.S.

A GREAT part of tlie visible crust of the globe

is made up of stratified or bedded rocks.

To a large number of these—to the gi-eater part, in

fact—the name of klastic or fragmental rock is

given, because they are composed wholly, or almost

wholly, of the fragments of other rocks. In some

cases—probably in many cases—these fragments

have done duty again and again. A grain of sand,*

derived originally from some part (most likely that

which was coarsely crystalline, and so not among

the easiest attacked) of the igneous crust of the

primeval earth, may have been first embedded in

a sedimentary deposit myriads of years since,

perhaps before a back-boned animal swam in the

seas or trod upon the land. This grain, after long

resting—after undergoing the operations of chemical

forces while buried deep in the earth—m:iy have

been again upraised, again displaced by the action

of heat or frost, of rain or river, have been again

hurried along by the stream, and again entombed

in some new deposit. And this process, for aught

we know, may have been repeated a dozen times.

In an eloquent passage in " Modern Painters " (Part

v., ch. xvi.) Mr. Ruskin describes the thoughts

which would have been possible to a " little flake of

mica sand, hurried in tremulous spangling along the

bottom of the ancient river, too light to sink, too

faint to float, almost too small for sight, and laid at

last (would it not have thought 1) for a hopeless

eternity in the dark ooze," yet fated to become one

day part of the material of an Alpine pinnacle,

against which the winds should rage in vain, beneath

which " the snowy hills should be bowed like

flocks of sheep, and the kingdoms of the earth fade

away in unregarded blue." This, which may be

true sometimes of the mica flake, is very often true

of the grain of quartz sand ; for of all the minerals

known to us which commonly compose the crust of

the earth it is the hardest, the least frangible, the

most insensible to chemical action.

In the future of geological science the source of

the constituents of a sedimentary rock will be a

matter of more careful inquiry than it has

been in the past. If we can identify a pebble f or

a grain of any mineral in a klastic deposit with the

* "A Grain of Sand :
" " Science for All," Vol. IV., p. 120.

t " The Gravel of the Garden Path:" " Science for All," Vol.

II., p. 336. " A Piece of Puddingstone :
" " Science for All,"

Vol. III., p. 341.

rock from which it has been derived : if there ai'e

peculiarities in each which render it improbable

that there should be any hesitation about referring

the one to the other, we are in possession oi a

number of facts bearing upon the physical geo-

graphy of the world in a past epoch. From the

condition of the fragment we can infer the nature

of the agent which transported it ; its relative

position tells us the direction in which that has

acted ; its existence shows us that the parent reefs

or ridges were at that time exposed to denudation.

To make this identification may some day be possible,

indeed, is now sometimes possible in the case of the

finer fragments of rock ; but it is often comparatively

easy in the case of the larger. The present paper

is an attempt to trace back one such fragment to

the source from which it has been derived.

Persons familiar with the Midland counties of

England will remember that over a large area in

them the common rocks are red marls, sandstones,

and gravels. The last-named lie low down in the

group called, by the older authors, a part of the

New Red Sandstone, by the later more commonly,

and at present, the Triassic series. These gravels,

which often become sufiiciently indurated to be

conglomerates, bear the name of the Bunter

Pebble Beds ; the word Bunter being of German

origin (for beds identified with this series occur in

that country), and meaning parti-coloured. They

may be traced, as has been described by Professor

Hull in his valuable "Memoir," J from the Cheshire

and Lancashire coast to Central England, and

thence round the southern extremity of the

Pennine Chain, northwards to the Vale of York.§

The character, indeed, of the deposit varies from one

part to another. In the Cheshire district it is

thickest, though the pebbles are smaller and less

abundant
;
they are most numerous and larger in

the parts around the south of the Pennine Chain.

Let us, then, suppose ourselves on some outcrop

of the Bunter soil in the latter district. There is

none more characteristic than the moorlands of

Cannock Chase. The pebble beds cover a consider-

able area of this region, a hilly upland or plateau,

J " On the Triassic and Permian Rocks of the Midland

Counties.

"

§ The Trias extends southwards from Central England to

Devonshire, and there contains deposits sepaa'ated from, but

probably equivalent to the Bunter.
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with a bai'ren gravelly soil, in many parts still

untouched by the plough and covered with heather

and furze. The pebble beds here are about 300

feet thick, and beneath them, commonly at no great

distance, lie the coal measures. There in many
places shafts have been sunk and collieries opened,

much to the detriment of the scenery ; in fact,

between the miner and the farmer the moorlands

of Cannock Chase will in another generation be a

thing of the past. These beds consist of a reddish

hardened sand or sandstone, sometimes crowded

with pebbles, sometimes almost free from them,

and then forming rather thin and irregular bands

in the conglomerate rock. The coloration of the

sand is due to a coating of iron peroxide (rust), not

to any tint in the quartz grains themselves. These

sands, variable in colour from red to white, form the

greater part of the Bunter series, the pebble beds

being the more local members. The pebbles vary

in size, from no bigger than nuts to about six inches

in diameter. On the northern edge, however, of

Cannock Chase the majority of them are about three

or four inches in diameter
;
usually they are well

rounded, rather oval in form, and smooth on the

exterior. Seating ourselves upon a heap thrown out

from a pit, and broken for mending tlie roads, we
may begin to study their mineral character. A
brief examination shows us that the bulk of them
are only varieties of one kind of rock, but still

there is an intermixture of others, though they are

less numerous. Here, for example, is a bit of carboni-

ferous limestone, generally less well rounded, which

looks as if it had come from the Derbyshire hills.

Here is another of chert, showing casts of the stems

of small crinoids, probably from the same locality.

Here are pieces of rotten granite, or perhaps

schist ; here (in better condition) some felstones
;

here a few black, cherty-looking rocks, which some
geologists have called Lydian stone : these we
throw aside into one heap, leaving behind those

which appear to be mainly composed of quartz.

On looking through the latter more carefully, we find

that we may at once separate a number of pebbles

of vein quartz, leaving still behind a large quantity,

which are all varieties of the rock called quartzite.*

These we might at fii-st feel inclined to group to-

gether as from one and the same locality, but closer

study shows us that we have really got two distinct

rocks mixed : the one a kind of hard grit, some-

times rather loose in texture, with specks of decom-
posed felspar, not very highly altered; the other

* Quartzite is the name given to a metamorpliosed (that i",

alteieil) quartz sandstone.

almost all pure quartz and very highly altered, so

as to be sometimes so compact that the edges of the

component grains appear quite fused one into the

other. In the former we find fossils, though but

I'arely, and these show the rock to belong to the

Llandovery series (the lowest part of the Upper

Silurian) ; the latter show no signs of organisms,

except now and then we may possibly discover the

indication of a fair-sized worm-burrow just enough

to prove that life in some foi'm or other existed

when the rock was first deposited as sand. These

last pebbles vary considei-ably in colour ; some are

shades of jiale grey, others pinkish, others again

a sort of liver colour, and this last tint runs

sometimes in blotches in the whiter stone, produc-

ing rather a singular elFect.

We proceed, then, on our search for the parent

rock of these last. The more granular quartzite

we may perhaps identify with a Silurian quartzite,

which is still exposed to view in the ridgy hills to

the west of Birmingham, called Bron\sgi-ove Lickey
;

but the second and commoner one cannot be

matched anywhere in England or in Wales. In

the former there is, indeed, a quartzite beneath the

Coal Measures at Hartshill, in Warwickshire, but

that is not an exact match, and was almost certainly

far beneath the ground when the Bunter pebble

beds were formed. There are some quartzites in

Wales, but either they do not match, or occur in

quite insufficient quantities or in impossible locali-

ties. The mode in which the sediment in these

Triassic beds is deposited leads us to suspect that

its materials were derived fi-om the north rather

than from any other point of the compass, so we
betake ourselves thither. Let us suppose that we
have halted on the shores of Arran, on the west

coast of Scotland. In the middle of the island

rises the noble grouj^ of heather-clad mountains,

the highest summit of which bears the name of

Goat-fell. On their flanks are schists of unknown

age, and the lower land is a mass of sandstone,

assigned by geologists to the base of the

Carboniferous series. It is riven by dykes of

igneous rock, basalt, felstone, and pitchstone, but,

except for this, we might readily imagine that we

were standing upon some of the Bunter beds of

Staffordshire. There are masses of red quartz

sandstone, indistinguishable from that of Stafford-

shire, and beds of pebbles, in which we find an

abundance of the same varieties of the harder

quartzite that we have noticed in the south. Here,

indeed, they are a little more angular in form, and

with them there is a considerable admixture of
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schists, greywacke, and in other rocks which

abound in the Scottish Highlands ; the latter group

are, indeed, more rare to the sotith, but this is no

wonder, for they are much moi-e perishable than

the quartzite. Similar pebble beds occur in various

other parts of the southern half of Scotland : in

Bute, near Loch Lomond, Lesmahago, and other

places recorded by Professor Hull. "No one," to

quote his words, " can compare these pebbles with

those from the Bunter conglomerate of England

without being struck by their identity in mineral

composition ; and the comparison I have been able to

make thus far confirms me in the impression 1 have

for several years entertained, that, to some extent

at least, the New Red Sandstone of England is

daughter to the Old Red Sandstone of Scotland.'"

But now, though we have tracked the Bunter

pebbles back to parent rocks of earlier date in the

north, they are pebbles still, and we have not yet

discovered the source whence they were derived.

To do this we must extend our researches yet

farther north. In certain of the western islands

—

as, for example. Jura, and in the heart of the

Highlands on the mainland—great beds of quartzite

occur. We may select for desci'iption as a typical

locality the picturesque shores of Loch Maree.

There the basement rock is a group of highly

crystalline hornblendic gneisses and schists, which is

certainly among the most ancient in Britain, and

is provisionally designated the Hebridean series.

This is overlain by a massive reddish or chocolate-

coloured hardened giit, called the Torridon Sand-

stone. Its geologic age is uncertain, but the

included fragments show that an immense interval

separates it from the underlying series, for this

had been converted into a gneiss before any of the

Torridon Sandstone was deposited. Above the

latter comes a white or pale-coloured quartzite.

As the Torridon Sandstone is well displayed in the

massive crags of Ben Slioch, opposite to the

well-known Loch Maree Hotel, so is the quartzite

conspicuous in the snow-white peak of Ben Eay

and on the western slopes of Glen Laggan. On
examining this rock, we find the same comj^act

half-melted aspect (the grains looking like those in

a cold sago pudding) which characterises the

Bunter pebbles. We see also no trace of fossils

other than worm-burrows, which in one locality are

abundant, and some i-ather similar markings, which

may be these, or the impressions of seaweeds, or

even some inorganic structure. In this district we
find the usual colour of the quartzite white or pale

gi"ey, but the pebbles built into walls show us that

other varieties do exist, and the liver-coloured

quartzite, though absent here, may be seen

abundantly in Jura.* There is, therefore, good

reason to believe that we have at last tracked the

pebbles to their birth-place. Our evidence, however,

is not yet complete. If we carefully re-examine

the heap of miscellaneous pebbles which we threw

aside formerly, we shall probably find among them

one or two which, though much decomposed, and

looking at first sight rather like granite, present a

very close resemblance to the Torridon Sandstone.

They are not, indeed, in a condition very well

fitted for microscopic examination, but on comparing

slices from them with those from Loch Maree, we

are justified in believing them to be the same rock,

for the felspars, though decomposed, retain certain

peculiarities of structure which are conspicuous in

those of the latter rock. Again, on applying the

microscope to the quartzite pebbles of Stafibrd-

shire and the quartzite rocks from Loch Maree, we

observe that their general structure is the same,

that their quartz grains correspond in certain minute

peculiarities, and, what is a stronger argument,

the few grains of felspar in each agree in exhibiting

the peculiar structures (it would take too long to

describe them in detail) which we note in those

occurring in the underlying Torridon rock; and

these exist also in the Hebridean gi'oup, whence

the materials of both rocks have been derived.

What may be the geologic age of these Highland

quartzites is at present uncertain
;
formerly they

were considered to be Lower Silurian, but recent

investigations have made it appear not improbable

they may be referred to a much more ancient date.

Be this as it may, they are undoubtedly much

older than the Old Red Sandstone and earlier

Carboniferous periods, during which there seems

little doubt the rocks of the Scottish Highlands

underwent great denudation.

The chain of evidence, then, seems as complete

as could be expected. We trace the pebbles first

from the North-western Highlands, amid a crowd

of miscellaneous rocks, to a halting-place in

conglomerates of Old Red Sandstone and Lower

Carboniferous age. Here they probably lay

undisturbed during a long series of years, while in

the marshy lowland tracts our present stores of fuel

were being slowly accumulated: and then in the

period which succeeded the Carboniferous beds

were once more brought within the influence of

disturbing forces. Torn from their resting-places,

* For this fact J am indebted to the kindness of his Grace

the Diike of Argyll.
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they were hurried southward by the strong currents

of rivers, which hastened on to empty themselves

into lake or sea, surviving most of their less

durable companions, which in the long journey

were ground to powder in the streams. To move

these pebbles, on the average, would require a

current flowing from two-and-a-half to three miles

an hour a velocity quite equal to that of one of

the great European rivers in the upper part of

theu' course. Some, indeed, of these pebbles have

not been permitted to rest even after their long

southern migration, but may be recognised occa-

sionally in the conglomerates of the Neocomian

deposits in Bedfordshire, deposits which we have

seen lie between the oolite and the chalk, and, as

might be expected, in the miscellaneous collection

of the Boulder Clay in which so many of the

British rocks are represented.

ANCIENT H
By Chakles Callaw

IN museums and similar institutions most of our

readers have doubtless seen a circular stone,

curiously resembling a serpent coiled upon itself,

like the mainspring of a watch. In many parts of

England these stones are very common, and the

country peopla devovitly believe they are serpents

which, for their own sins or the crime of their great

ancestor in Eden, have been smitten into stone by

the power of some indignant saint. St. Hilda, for

example, is the virtuous lady whose " divine wrath "

inflicted this doom on the snakes which are supposed

to have once swarmed in the vicinity of Whitby.

This theory, however, fails to answer such qiieries

as these :—How did the serpents get into the solid

rock in which they are now entombed 1 How is it

that they are all destitute of heads 1 How is it

that they all coiled themselves up into the same

circular shape 1

The ancients had another explanation of the

origin of these fossils. They called them the horn

ofAmnion {Cormt Ammonis), from the name under

which Jupiter was worshipped in Libya. The deity

was represented under the form of a ram, and the

curved fossil shells were his horns. It is to be

presumed that the ancients believed that the god

had been in the habit of shedding his horns, and

dropping them all about the country. From this

ancient name, the serpent-stones of our peasantry

are called Ammonites. It is, perhaps, unnecessary

to explain to our readers that Ammonites are

neither serpents nor goats' horns, but sea shells

which have been preserved in the earth's crust by
the ordinary opei-ations of Nature.*

The Ammonites and their allies belonged to the

class of the Mollusca which goes by the name of

Cephalopodat (Gr. kephale, a head, di.'aA pous, podos,

* " Science for AU," Vol. I., p. 132.

t " Science for All," Vol. III., p. 368.
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a foot), because the mouth is surrounded by a ring of

arm-like tentacles, supposed by the old naturalists to

represent feet. The Ceplialopods are separated into

two divisions : those which possess a naked body with

an internal shell, such as the cuttlefish and squid
;

and those which reside in an external shell, as the

nautilus. The horn-shells belong to the latter. They
are all extinct except the genus JVcmtihis, h\it as

the solid parts, which are preserved in the rocks,

are precisely on the type of that shell, we are reason-

ably certain that the soft parts also approximately

corresponded. In describing the structure and

habits of a nautilus, we are therefore placing

before our readers a tolei'ably correct picture of one

of the antique horn-shells and its inhabitant.

The soft parts of the peai'ly nautilus {Nautilus

jmnjnlius, Fig. 1) will first be described. The

Fig. 1.—Pearly Nautilus. [After Nicholson.)

animal is enclosed in a fleshy mantle (a), which

is thick in front, and foi-ms a collar siirrounding

the head and its appendages ; b is its dorsal
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fold. The hood (c) closes the opening of the shell

when the nautilus withdraws itself. Muscular

arms or tentacles (t) rise from the side of the head.

They can be retracted within sheaths. Some of

them are probably organs of touch. The mouth
is situated in the centre of the head, and is sur-

rounded by a circular fleshy lip. It opens below

into a cavity, which is furnished with two homy
mandibles, something like the beak of a parrot.

The lingual ribbon, or tongue, is armed with re-

curved teeth behind, but is fleshy in front. The
funnel (/) is formed by the folding of a thick

muscular lobe. It is connected with respiration,

and is also the organ by which locomotion is efiected.

Through the funnel successive jets of water are

emitted, and the reaction propels the nautilus

through the water.

The brain is large, and is protected in a gristly

skull. There are the organs of five senses, as in

man. The eyes (o) are prominent, and are placed

on the sides of the head. External ears are also

present on a small scale.

Digestion is carried on by a complex system of

organs. The mouth opens into a gullet communi-

cating with a large crop, on each side of which is

a well-developed liver. The crop conducts to a

gizzard, and the intestine ends at the base of the

funnel.

The heart is divided into several chambers, and

the organs of respiration are in the form of four

pyramidal gills.*

The structure of the shell is very curious. It is

divided into a series of chambers by partitions or

sej)ta, connected by a tube or siphwicle. The out-

side chamber, which is very large, is filled by the

animal, and the others are probably occupied in

succession. The siphuncle is a membranous tube

with a thin pearly coating. It opens into the

cavity containing the heart, and is probably filled

with fluid from that opening. Its purpose is to

maintain the vitality of the chambers. The air-

chambers render the shell buoyant. The edges of the

septa, where they appear on the shell, are called the

sutures.

Little is known of the habits of the nautilus, but

it seems probable that it feeds on shell-fish and

Crustacea, as its mandibles are adapted for crushing

shells, and Professor Owen found the fragments of

a small crab in the crop of the specimen he dissected.

Owen quotes from an old writer, Rumphius, a

Dutch naturalist, an account of the nautilus de-

scribed amongst the rarities of Amboyna, in 1705.

* Tlie two-gilled Cephalopods are described in Vol. III., p. 367.

" When the nautilus floats on the water, he

puts out his head and all his tentacles, and

spreads them upon the water, with the poop

of the shell above water; but at the bottom

he creeps in the reverse position, with his boat

above him, and with his head and tentacles upon

the ground, making a tolerably quick progress.

He keeps himself chiefly upon the ground, creeping

also sometimes into the nets of the fishermen ; but

after a storm, as the weather becomes calm, they

are seen in troops floating upon the water, being

driven up by the agitation of the waves. This

sailing, however, is not of long continuance
;

for,

having taken in all their tentacles, they upset their

boat, and so return to the bottom."

Fig. 2 is an ideal representation of the nautilus,

Fig. 2.—Nautilus expanded. {After Lovin.)

fully expanded. The positions of the hood (h) and

siphon (s) are shown.

At the present day, the horn-shells are repre-

sented only by a few species of nautilus, the rare

descendants of numerous and powerful families.

The words of Tennyson

—

" A thousand types are gone,"

are more than realised. Several thousand extinct

species have been already described ; and there is

no doubt that thousands more Me buried in their

rocky sepulchres in the earth's crust. Examining

their ancient records, the strata in which their fossil

remains are preserved, we can present a continuous

history of this singular race.

The hox'n-shells are first found in rocks of the

Cambrian epoch ; hut they are few in number.

In the Silurian period they attain a magnificent

development in both numbers and variety.

The earliest form yet known is the Orthoceras
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largest of anv known shell.

(straight-horn). It is extremely like the shell of

the nautilus, except that it is perfectly straight.

It is shown in Fig. 3, in which the lower figure

displays in section the form and position of the

siphuncle.

Some of the specimens of Orthoceras are the

fossil or recent. They

have been known to at-

tain the length of six feet,

with a diameter of one

foot. Such creatures must

have been the monavchs

of those ancient seas in

which no fish, reptile, or

other vertebrated animal,

had yet come into being.

With a huge circle of

tentacles surmounting a

pillar-like shell, they must

have been the terror of

the animated world. In

some of the Orthoceras-

like types, the animal

could not, as in the pearly

Nautilus, withdraw itself

completely into its shell.

In others the shell ap-

pears to have been less

calcified, while the siphuncle is enormously de-

veloped. Some of these have been found in North

America with siphuncles, like

a row of gigantic beads, six

feet long, standing out in

bold relief from the face of

the limestone cliffs. Their

gi'eat durability is due to a

subsequent change, called

silicification, the calcareous

substance being converted

into flint. On the other

hand, the septa are rarely

preserved, and are only in-

dicated in a few cases by

faintly coloured lines.

In one singular type,

Gomphoceras (club-hom), the

shell (Fig. 4) expands into

the shape of a pear, and the aperture is contracted

to an opening like a key-hole. The siphuncle (s)

is bead-like.

Some of the Silurian horn-shells are slightly

curved, others are more strongly bent, so as to

form a coil, but with the coils not touching

Fig. 3.- -Orthoceras.
fficJioIson.)

{Aittr

Fig. 4. - Gomphoceras.

{Gyroceras, circie-horn) ; and in the latter jtart of

the epoch, forms came into being in which the

convolutions touched, and the nautilus commenced

an existence which, with slight variations, has

continued to the present day.

The horn-shells of the Devonian epoch make an

approach towards the more modern Ammonite.

The most characteristic type is Clyinenia (Fig. 5),

Fig. 5.— Clymenia. A, Side View ; b, Proiile.

which is disc-shaped, has the siphuncle internal,

and the septa simple, or, as in the figure, slightly

lobed. In Germany, some of the Upper Devonian

limestones are so full of these horn-shells as to

liave acquu-ed the name of the " Clymenien Kalk."

In the Carboniferous period a form abounds

which is yet nearer to the Ammonite. This is

the Goniatite [gonia, angles), which, like the

Ammonite, is discoid, and has the siphuncle

dorsal, but the sutures ax-e angular, and are not

lobed in so complex a manner as in the newer

type (Fig. 6). The left-hand figure (a) is a side

view, and the other (b) shows the fossil edgeways.

Near the upper margin is the small dorsal siphuncle.

The Cephalopoda are very poorly represented in

the Permian strata of Britain, and the few known
forms belong to the genus Nautilus.

In the Triassic epoch, many of the older types,

such as Oi-thoceras, are seen for the last time.

One form is very characteristic of the j^eriod, and
it is interesting as the herald of the great Ammonite
family. It is the Ceratite (Fig. 7), which holds a

position intermediate between the older Goniatite

and the younger Ammonite. The lobes of the

sutures are simply rounded, while the intermediate

lines, the saddles, are toothed or crenulated. No
horn-shells of this epoch are found in Britain,

since the British area at that time was occupied by
inland lakes ; but in the Austrian Alps abundant
remains are found, and these are of unique

importance and interest. Associated with the
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Ceratite are forms which, in other districts, appear

to have died out, together with types which

elsewhere, so far as our present knowledge goes,

had not yet come into existence. Thus we have

rig. 6.—Goniatites. A, Side View
; B, Profile. (After Sowa-hy.)

the antique Orthoceras, the earliest and simplest

Cephalopod, in the same deposits with the

Ammonite. And these Ammonites are not of an

elementary or rude type; they are in the highest

degree elaborate in

structure and ornate

in appearance. They

exceed all Ammonites

in the number and

complexity of their

lobes. The sutures,

which hitherto have

been plain, lobed, or

angular, are foliated in

the most curious man-

ner, so that each lobe

resembles a tree. Fig.

8 shows this pecu-

liarity. It represents

a single suture of one side ; v is the dorsal saddle

at the edge of the shell.

Coming next to the Jurassic period, we find the

horn-shells of the more ornate type, the Ammonite,

Fig. 7.—Ceratite.

Pig. 8.—Triassic Ammonite. (After QmnstecU.)

amongst the predominating forms of life. The
limestones and clays of our British deposits teem
with their petrified shells. Sometimes the strata

have been favourable to their preservation, so that,

on disentombing the fossil, the Ammonite gleams

forth from its rocky setting with the same pearly

lustre as it displayed in life amidst the sunny

waves of the Jurassic Sea. The compact clay in

which the dead Ammonite was buried has kept

out the water which produces so much change

in the earth's crust. In other cases, the calcareous

matter of the sheU has been replaced by silica or

flint. Sometimes the substance which has taken

the place of the tissue of the shell is iron pyrites,

so that the Ammonite seems converted into brass.

Lastly, the shell has entirely perished, and a

mould of the interior or a cast of the external

sculpture alone is left.

Ammonites continue to be still abundant during

the Cretaceous period, and, in addition to these,

there come into existence a great variety of

singular forms, some of which resemble,

though their structure is more complex,

types from the oldest formations. It seems

as if, just before the Ammonite family

passed into utter extinction, it efiloresced

into a more varied life, as though Nature,

by one supreme efibrt, wrought her most

elaborate work, and then sank exhausted.

The Baculite (Fig. 9) is the modern repre-

sentative of the Orthoceras. It is straight,

but the sutures are foliated, and the

siphuncle is external.

The genus Toxoceras (toxon, a bow, and

heras, a horn) is simply bent like a bow. Bacuiitc'r

Crioceras (ram's horn) is disc-shaped, but,

as in the ancient Gyroceras, the coils do not

touch. Haniites (hook-shell) is bent like a

hook. Turrilites (tower-shell) is an elongated

spire, like a lofty tower. Helicoceras (spiral

horn) is like the last, save that the coils do

not touch. Aoicyloceras (incurved horn) is an

elegant shell. It resembles Crioceras, except that

the last " volution " or whorl is produced at a

tangent, and is then bent back like a crozier.

Scaphites (boat-shell) differs from Ancyloceras in

the fact that the coils are in contact^ and the

crozier-like extension is shorter.

The following diagram (after Nicholson) shows

in a compact graphic form the chief modifications

of the horn-shells (Fig. 10). The simplest types (e),

as the Orthoceras or the Nautilus, have the

siphuncle central and the sutures simple. Clymenia

(d) diff'ers chiefly in an internal siphuncle. The

Goniatite (c), the flrst of the Ammonite family,

possesses angulated sutui^es and a dorsal siphuncle.

Oeratites and Ammonites have the siphuncle

dorsal, but the sutures of the former are lobed

and denticulated, while those of the later type
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are foliated. On the whole, there is progression

from the simpler to the more complex forms, as

we advance from the older to the younger epochs.

But this is not the universal rule. The earliest

Fig. 10. -Diagram showing position of Siphuncle and form of Septa in various
Horn-shells. The upper row indicates the position of Siphuncle, and the OretaceOUS
lower shows the edges of the Septa.

fl, Aramonlte; b, Coratitc
; c, Goniatite ; d, Clymenia; e. Nautilus.

types of the Ammonite, those which characterise

the Triassic epoch, are much more elaborate and

complex than some from the Jurassic and Cretaceous

periods. Indeed, it seems as if the earliest and the

latest Ammonites were the highest of their family.

But while the more complex horn-shells were

being modified into varied forms, while family

after family was coming into being, flourishing

during long epoclis and then sinking into extinction,

the more simple and unadorned Nautilus has

maintained " the even tenor of its way " from old

Silurian times down to the Victorian age.

It is associated with the primaeval Ortho-

ceras as well as with the more modern
Ammonite and Ancyloceras. In eveiy epoch

it apj^ears in moderate numbers, neither

conspicuously abundant nor conspicuously

scarce. It has always preserved its

elegant shape, but has never taken the

form of gorgeous beauty or wild eccentricity.

It has usually kept its shell smooth, as at

the present day, but in Jurassic times the

surface was sometimes grooved, and in

ages it was marked with dis-

tinct ribs. In brief, it is a good example of

one of those permanent types of animals which

live from age to age almost unchanged. At the

close of the Cretaceous epoch all the Ammonites,

with their numerous and varied allies, died out;

and during the long succession of ages which

compose the Tertiary era, the pearly nautilus of

tropical seas remained the only representative of

the ancient and once abundant race of hoi-n-shells.

LOCUSTS AND GEASSHOPPEES.

By F. Buchanan

THERE is an ancient Arabian legend which

exjwesses pithily and forcibly the estimation

in which " the locust " is held by the unfortunate

people subject to its visitations. " We are the

army of the great God," said a locust, addressing

Mohammed ; " we produce ninety-nine eggs ; if the

hundred were completed, we should consume the

whole earth, and all that is in it." To those who
fortunately live in climes to which the locust

rarely penetrates, this may seem Eastern exaggera-

tion, and it is no doubt figui'ative ; but to those who
have seen " the land as the Garden of Eden before

them, and behind them a desolate wilderness," it

will scarcely appear too strong (Fig. 3). Conse-

quently, from a very early period in the world's

history the locust has attracted to itself more atten-

tion than perhaps any other insect, and not the least

in the present day, when all the skill of science has

been brought to bear against the dreaded ravager.

In reality, there is no single insect which ought

White, M.D., F.L S.

to be termed, more than some others, the locust.

Unfortunately, there are several which have earned

for themselves the hatred and dread of mankind by

the fearful devastation that they have committed,

and still continue to commit ; but all agree in this,

that they are near relatives of the grasshoppers,

whose merry chii-pings make resonant the summer
meadows. If, therefore, we capture a common
grasshopper, and study his structure, we will have

learnt all the essential details of the anatomy of the

terrible locust (Fig. 1).

Though resembling in many resjjects the cock-

roach, ali'eady described,* and belonging, like it (as

we shall presently see), to the same order of insects,

the general appearance of the grasshopper is very

different. Its body, instead of being flattened, is

more or less compressed laterally, and consequently

the wing-cases and wings, when not in use, present

an almost perpendicular instead of a horizontal

* "Science for All," Vol. Ill, p. 325.
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surface. Another striking point of difference is in

the hind legs, which, being fitted for jumping, are

much larger and stouter than the anterior two

pairs.

The head is usually large, and often somewhat

globose in shape, the face, or part seen from a front

Fig. 1.—Locust {Aci'idiutn migratorium).

view, being either perpendicular, or sloping back-

wards from above downwards. On each side are

the rather large compound eyes usually found in

insects. "Without entering into lengthy details, the

structure of these eyes may be briefly described.

As mentioned on a previous occasion, the horny

skin, or external skeleton of insects, is composed of

a material termed chitine. At the place where the

eye is situated this chitinous cuticle is somewhat

thickened, and becomes transparent, to form the

cornea, which is furthermore divided into a number

of six-sided facets. Between the inner surface of

each of these facets and the end of the optic nerve is

a transparent, elongated body enveloped in a sheath,

which is supplied with pigment. These elongated

bodies consist of two parts, of which the inner one,

or that which is in contact with the optic nerve, is

called theprismatic rod, while the outer one is termed

the crystalline cone. The broad end of the latter

touches the inner surface of the cornea, and its

narrow end is continuous with the prismatic rod.

In addition to these comjjound eyes, many grass-

hoppers are provided with three simple eyes,

situated more or less in front of the head, two

being above, between the compound eyes, and the

third a little lower down, and in the middle.

These simple eyes (or ocelli, as they are technically

called) have been likened to the eyes of the higher

(or vertebrate) animals, and have been supposed to

be made, as in them, of various parts, to which the

names of sclerotic, cornea, lens, vitreous humoui-,

and choroid coat have been given ; but there is

reason to suppose that some of these do not exactly

correspond to the parts so called in the vertebrate

eye.

In front of the head, between the compound eyes,

are situated the cmtennce, not longer than half the

length of the body, and composed of a number of

joints. In shape they are frequently thread-like,

but in some kinds ofgrasshoppers they are sword-

or club-shaped (Fig. 2).

At the lowest part of the head is situated

the mouth, which, like that of the cockroach, is

formed for biting, and is constructed after the

same plan, and so need not be described in

detail. The upper lip, or labrum, is sometimes

notched at the front margin ; the mandibles,

or upper jaws, are very strong, and provided

with many teeth, and the labium, or lower

lip, has only two lobes instead of four.

The pronotum, or upper surface of the first ring

of the chest or thorax, is somewhat variable in

shapein the various species. In some it isprovided

with a central longitudinal ridge or crest, or with

less conspicuous lateral ones, and in others it is

much prolonged backwards in a more or less broad

spine-like process, overlying the abdomen, and

sometimes as long as it. The other two rings of

the thorax are not visible from above, except when
the wing-cases and wings are expanded, and even

then are in some cases hidden by the prolonged

pronotum. The under-side of the thorax does not

require particular description, beyond mentioning

the fact that occasionally it is armed with a spine

situated between the front legs. To the second and

third wings of the thorax are attached (as usual) the

organs of flight. These consist of the anterior wings,

which, as serving mostly as covers to the wings, are

called wing-cases, or tegmina, and of the hind wings,

or wings proper. The wing-cases are somewhat

leathery in texture, more or less long, and narrow

in shape, and strengthened by numerous thicker

veins. Occasionally they are very short, especially

in those species which have a prolonged pronotum,

which serves to protect the wings. The true wings

vary in size, but are often large. In texture they

are membranous, and are also provided with longi-

tudinal veins (often connected by finer transverse

ones), by which they are expanded. "When not in

use they are folded longitudinally, and stowed away
under the wing-cases. The latter are usually dull

in colour, frequently brown or grey, and banded

and spotted with darker or lighter shades. The

wings, on the other hand, are either clear and

coloui'less, or tinged with some bright hue, as red,

blue, or yellow, and occasionally banded with



LOCUSTS AND GRASSHOPPERS. 287

black. Sometimes both wing-cases and wings are

wanting, or only partly developed.

The anterior two pairs of legs are moderate in

size, the last joint, or tarsus, being foi-med of three

smaller pieces, the first of which has on the under

side three spongy or leathery cushions, and the

second one. These two pairs of legs are fitted for

running, the well-known jump of the grasshopper

being performed by means of the third pair, which

consequently are adapted thereto, and demand more

attention. These hind legs are not only much

longer than the two anterior pairs, but have the

femora, or thighs, much stouter and thicker,

as it is in them that the powerful muscles,

by which the grasshopper can take his

enormous—in comparison with the size of

the insect— leaps, are contained. The

hinder edge of the thigh is channelled, so as

to partly contain the tibia (or next joint of the leg)

when at rest. The upper side of the tibia, especi

ally towards the tip, is furnished with numerous

strong spines, which, by offering resistance to the

surface from which the insect jumps, help it con-

siderably in making its leap. The tarsus of the

hind leg is constructed as in the front legs.

In addition to serving as organs of progression,

the legs and wings (or rather portions of them) of

the grasshopper are used as vocal organs. It is by

means of his hind legs and his wing-cases that the

well-known song of the grasshopper is produced, a

fact which everyone may observe for themselves

by watching the insect when at work. The sound

is produced thus :—The insect stands on his four

front legs, and lifting, either together or alternately,

his hind legs, rubs the rough inner edge of the

thigh against the wing-case. The latter is provided

(as mentioned above) with thickened veins, and

according to the degree in which these veins are

thickened and elevated above the surface of the

wing-case so is the noise which results. Some
grasshoppers do not seem to be able to make any

sound, and others, though they go through the

action, produce no sound audible to hviman eai'S,

though it seems probable that it is heard by their

companions. By catching a grasshopper, and

rubbing its hind legs in the manner mentioned,

anyone can see for himself that the sound is pro-

duced in the manner described. It is only the

males that make an audible sound, and the object

seems to be chiefly to attract and captivate the

females. In other words, it is a love-song.

In most insects, if a special organ of hearing

exists, it is difficult of detection ; but in the gi'ass-

hoppers, in whom the sense of hearing seems to be

very acute, there is a well-developed ear, or its

equivalent. This is situated on either side of the

first segment of the abdomen, near the articulatioii

of the hind legs to the third ring of the thorax,

and consists of a round, crescent-shaped, or linear

opening, inside which is stretched an oval membrane

surrounded by a raised rim (Fig. 2, a, a). On the

inside of the membrane are two horny (chitinous)

projections (Fig. 2, b, b,

c), the lai'ger of which

ends in a delicate blad-

der (filled with clear

fluid), which sends ofi' a
"

small arm to the smaller

Fig. 2.—Auditory Apparatus of G-rassUopper.

A, Figure ebowiiig position of Apparatus; a, Tympanum. B, External
surface of Apparatus (left outer ear) ; a, opening of the stigma in the
raised rim of the Tympanum; b, the larger horny projection seen through
the semi-transpareut Tympanum ; c, the smaller horny projection.

horny projection. A nerve (derived from the

" metathoracic ganglion ") goes to tlie centre of the

membrane, and there dilates into a ganglion (depot

of nerve-force), the side of which nearest to

the membrane is covered with numerous glassy rods

in contact with the membrane. A branch of the

nerve goes also along the horny projection to the

delicate bladder at its end, where it forms a ganglion,

from which several nerve-fibres spread over the

bladder. If a grasshopper is watched when chirping

it will be seen that when his "song "is ended he

lowers one, or both legs, and keeps his wing-cases

a little raised, in order, apparently, to hear if any

other male will answer his challenge. On the

other hand, if he is chirping to please the female,

he places himself in such a position that the sound

Avill fall on her ear, which she may be seen to be

keeping exposed for the purpose.

The abdomen is rather compressed and keeled

above and almost convex below, tapering from the

base to the end in the female, but somewhat inflated

at the end in the male, in which sex also it is more

slender. In each sex there are nine distinct seg-

ments or rings, in addition to the organs connected

with reproduction, which are conspicuous at the

end of the abdomen. Of the latter, the most
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interesting is the ovipositor, or apparatus by -whicli

the female makes holes in the ground for the depo-

sition of the eggs. The method of using this

apparatus, which consists of four hook-like valves,

the two upper curved upwards, and the two lower

curved downwards, will be described presently.

The internal structure of grasshoppers and

locusts, though formed on the same plan as the

cockroach's, differs in some i^articulars.

rectum. At the junction of the ventriculus and the

intestine are inserted a lai-ge number of slender

tubes—the Malpighian glands. In texture and

substance, the various parts of the alimentaiy canal

are thus composed. The crop is strong and mus-

cular, and is, on its internal surface, provided with

many somewhat cartilaginous striations, transverse

near the gullet, but longitudinal in other parts,

interrupted, and hence rough. On the lower side

Fig. 3.—A Cloud of Locusts, in Algeria.

The alimentary canal is the same length as the

body, and is extended in a straight line, and not

convoluted, as in the cockroach. The tongue is

larger than in any other of the families of the

Orthoptera. The gullet is short, and soon widens

out into the crop, at whose base are situated six

membx'anous, muscular, bag-like appendages, called

the bursce ventriculares. There is no gizzard in

this family, the crop opening directly into the ven-

triculus, at whose junction with the crop is another

series of six bag-like appendages—the bursce acces-

sorice. EoUowmg the ventriculus is the intestine

proper, consisting of the slender intestine and the

there is, anteriorly, an oblong oval space without

the cartilaginous striation, but surrounded by a

hardened and thickened margin. At the junction

of the crop and the ventriculus is a valve (the

valvula conoidea), consisting of six thickened and

somewhat hardened eminences, which, when the

whole crop is contracted, come together, and close it

at the base. Some authors have considered that

this valve represents the gizzard. The ventriculus

is soft, and is also capable of expansion. The

slender intestine has externally six longitudinal

muscular narrow bands, starting from its junction

with the ventriculus, but not extending to the end.
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Internally, these form fleshy elevations. The rectum

has also six longitudinal muscular bands. Between

the ventriculusand the slender intestine, and between

the latter and the rectum, are kinds of valves by

which they can be closed.

The salivary glands, which open into the gullet,

are much smaller and more delicately branched

than in the cockroach, and are not provided with

salivary receptacles.

The breathing system has some peculiarities, in-

asmuch as, in addition to the usual elastic tubes, or

tracheae, there are membranous tubes widening into

large air-bags, which greatly assist the flying powers

of many of the species.

The blood cii'culatory system and the nervous

system do not require special description, though

the latter is, if anything, more developed than in

the cockroaches, and there is (as mentioned above)

a special nerve for the auditory apparatus.

In magnitude, grasshoppers vary considerably.

Some species are not a quarter of an inch in length,

while others are amongst the largest insects known,

and measure nearly a foot across the expanded

wings.

The animals commonly known as grasshoppers

and locusts belong to the order (or division) of

insects called Orthoptera, the points of distinction

between which and other insects have been pointed

out in a previous paper. The particular family to

which they belong is the Acridiodea, the members
of which may, by an uninstracted eye, be confounded

with those of another family—the Locustina

—

whose component members are also sometimes

called grasshoppers, though for the most part fre-

quenting trees. Insects belonging to the Locustina

may be distinguished from the Acridiodea by their

thread-like antennse, usually much longer than the

body, by their tarsi having four joints instead of

three, by not (usually) being provided with single

eyes (ocelli), by the much longer and exserted ovi-

positor of the females, and by the difierent position

of the sound-pi'oducing apparatus of the males, as

well as in some other particulars into which we
need not enter at present. The great green grass-

hopper " {Locusta viridissima) is a good example of

this family, and also of the unfortunate, but now
unavoidable, use of the word " Locusta " as a scien-

tific name for insects not belonging to the family of

the true locusts. The Acridiodea may also, but not

so readUy, be confounded with another family of

the Orthoptera—the Gryllodea, which include the

house and field crickets ; but these may be dis-

tinguished by their long and slender antennae, and

181

by their wing-covers being, partly at least, hori-

zontal when at rest.

From the great ravages committed by them,

locusts have, as it were, compelled the attention of

man, and hence their mode of living and meta-

morphoses have been often and carefully studied.

As the metamorphoses and habits of many of the

species are not very dissimilar, we will select for

description a species whose history has been care-

fully worked out of late years, in consequence of the

havoc it has committed in some parts of North

America. This is the Rocky Mountain locust

(CaloiJtenus siwetus), a species not much bigger than

many of our common grasshoppers (Figs. 4, 5, 6).

When a female wishes to lay eggs, she selects, by

preference, a bare, dry, sandy place, where the

Fig. 4.—Female Locust depositing Eggs. (After Bulletin of
U.S. Entomological Vom^nission.)

ground is firm, and not loose. Recently-ploughed

land is avoided, and so is damp ground, but a

field or pasture where the vegetation is sufficiently

short is often chosen. Having selected the place,

the grasshopper closes the hook-like valves already

described as situated at the end of her abdomen,

and forcing them into the ground by curving her

body, she then, by alternately opening and closing

them, and by a series of muscular efibrts, drills a

hole sufi:ciently large to hold nearly the whole of

her abdomen (Fig. 4). During this operation she

stands uponher first and second pair of legs, and hoists

the longer third pair above her back. The hole

then made is always more or less oblique, and

generally a little curved, and narrower at the

mouth, and is made in a few minutes, the time

varying according to the hardness of the soil

When engaged in drilling the hole, the insect is so

intent on her work that she may be closely ap-

proached if care is taken not to alarm her. Having

completed the hole, she next proceeds to lay her

eggs in it. First of all she fills the bottom of the
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hole with a frothy mucous or glutinous matter

which is produced by a pair of special sponge-like

organs at the end of the abdomen. Then the hook-

like valves are brought close together, and between

them an egg slips down from the oviduct, and is

placed amongst the frothy matter. Again, by a

series of convulsions, more of the frothy matter is

produced, and then another egg is laid, and so on,

till the whole number has been deposited, after

which the narrow mouth of the hole is filled up with

a compact mass of the frothy mucous matter. The

use of this froth-like matter is to protect the eggs,

especially from water, to which it is more or less

impervious, and also to keep all the eggs in their

places, as it forms a spongy or membranous packing-

through which the young insect can easily force its

way.

The egg (Eig. 5) is somewhat oval-oblong iii form,

with a slight cnvvature, and rather narrower at one

Fig. 5.—Egg of Locust, a, Outer Shell, showing sculpture ; a, Same,
very highly magnified ; B, Inner Shell, just before hatching.
(After BvMetin of U.S. Entomological Commission.)

end. It has two coverings, the outer one thin, semi-

opaque, and pale yellow in colour, rather fragile,

and with the surface covered with minute six-sided

pits ; the inner covering is thicker, tough, trans-

parent, and smooth. The number of eggs varies from

twenty to thirty-five, but is generally twenty-eight,

and they are laid in four rows of seven each, very

carefully an-anged with the narrow end downwards
(Fig. 6), and so placed that along the upper surface

of the mass is a kind of irregular channel by which

the first-hatched young ones can escape without

disturbing the other eggs. This is very necessary,

because it is generally the first-laid eggs that hatch

first, and as they are at the bottom of the hole the

arrangement of the mass would otherwise be neces-

sarily disturbed. As the eggs when deposited are

somewhat soft and plastic, the outer rows are made
to curve over the inner rows to a certain extent.

When the young grasshopper is ready to come

out of the egg, it has to find some means to break

through the coverings, and, as already remarked,

the inner covering is very tough, and not easily

ruptured. When in the egg the back of the embryo

Fig. 6.—Egg Mass of Locust, a. From the side, within Burrow

;

E, From above—enlarged. {After Bulletin of U.S. Entomological
Commission. ) The dotted lines show the direction often taken by
the young insect to reach the surface of the earth.

is against the longer curve of the egg, the under-

side of the body with its various appendages being

against the shorter curve (Fig. 5, b). The jaws and

other parts of the mouth are bent down upon the

chest, the sharp end of the jaws pressing against the

wall of the egg. The legs are doubled up, the tibise of

the hind legs fitting into the gi'oove of the thighs,

and the spines (which have been mentioned as

arming the tibise) pressing against the egg-wall.

The tarsi claws also are in a similar position. Now,

when the young one is ready to come forth, there

begins a series of undulating contractions and ex-

pansions of the joints of the body, which results in

pressure on the shorter curve of the shell, and at

the same time continued friction of the tips of the

laws, si^ines of the hind tibise, and claws of all the

legs, till at last the skin splits, the split is extended

by the swelling of the head, and the young grass-

hopper wriggles itself out of the egg-shell. It then

makes its way to the surface of the earth, either by

forcing a passage through the spongy matter, or

else directly throiigh the soil if that is not too com-

pact. When pushing to the surface, the antennse

and two anterior pairs of legs are generally closely

applied to the chest and the hind legs stretched out.

A remarkable fact is that the young insect never

attempts to go in any direction but upwards. The

members of the United States Entomological Com-

mission (from whose " Bulletin " much of the infor-

mation relating to the egg-laying has been taken),

placed eggs in earth in glass tubee, and found

that the newly-hatched young always turned their

heads and pushed towards the bottom whenever

the tubes were turned mouth downwards.

As soon as it arrives at the surface, the young

grasshopper, after resting for a short time, proceeds

to cast its skin, or rather a thin pellicle which
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completely envelops it. It does not attempt to do

this before reaching the surface, and if by any

means the pellicle should get rubbed off during the

insect's exertions to get out of the earth, it seems

unable to make further efforts to push its way

through. The use, therefore, of this embryonic

skin seems to be to protect it from injury during

the struggle. The pellicle is burst on the back of

the head by a series of contracting and expanding

motions, and then, gradually working it off, the

animal issues, pale and colourless, but becomes dark

grey in the course of half-an-hour or so.

The number of eggs laid by the Rocky Mountain

locust is, as stated above, between twenty and

thirty-five ; but some other kinds lay a larger

number. The true migratory locust {Pachytylus

migratorius) lays from fifty to a hundred in each

hole or nest, and as she usually deposits at least

three times, the total number of eggs laid may be

one hundi-ed and sixty to one hundred and seventy.

All species, so far as is known, form holes in the

ground in which to deposit their eggs, and envelop

them in the same kind of glutinous frothy matter

as has been described above.

Like young cockroaches, the young grasshoppers

and locusts resemble their parents in all respects,

except in being very much smaller and in not being

provided with wings and wing-cases. They moult

or change their skins about four times, the rudiments

of the wing-cases and wings appearing after the

first moult, and becoming larger during each sub-

sequent one, till at the fourth or last moult the

insect reaches the mature or perfect state, is able

to reproduce its kind, and, except in the few species

which are unprovided with these organs, acquires

full-sized wing-cases and wiiTgs. The moulting or

changing of the skin is thus accomplished :—When
the insect feels that the time has come, it fixes

itself by the claws of the hind legs to some suitable

object, such as a grass stalk, usually with the head

downwards. Here it remains motionless for several

hours, till the back of the thorax begins to visibly

swell. Presently, the skin along the middle line of

the head and thorax splits, and the soft white new
skin of the insect protrudes from the opening. (If

we were to take a specimen just about to moult,

and to carefully cut open the skin, we would find

that the whole animal was covered by the new skin

lyiug ready formed below the old one.) Then by
a series of wrigglings, the insect works itself out of

its old skin, the end of the abdomen and the hind

legs being the parts last extricated, and stands

beside it, soft, pale-coloured, and powerless. Soon,

however, the new skin begins to harden and

acquire its proper colour, and the insect becomes

strong, and commences to move and feed. Should

it have been the last moult that has taken place,

the wings and wing-cases will now have been

acquired. These are at first crumpled and flabby,

but soon straighten and expand, and are then folded

away into their proper places, and perhaps in an

hour afterwards are ready for use. The time

taken for the moulting varies in different species,

or at least according to different observers. In the

migratory locust the moult is said to occupy sixteen

minutes, and the expansion of the wings twenty or

twentj'^-two minutes more. In most species it takes

place during the hottest sunshine.

The eggs of most species are laid in late summer

or autumn, and remain unhatched tUl the following

spring, and the insects arrive at the perfect state in

summer and die before wintei-. Very few kinds

live over the winter, though a few do so.

These insects usually inhabit fields and meadows,

or dry rocky or sandy uncultivated ground. A
few live in damp fields, and some dwell amongst

bushes and trees. They all jump well, and many
are good fliers, though others seem but to take

short flights, using their wings to assist their leaps.

Some, if they fall into small pools or ditches of

water, can swim sufficiently well to enable them to

get to land again ; a few exotic species seem to be

semi-aquatic in their habits, remaining even for

some time below the surface of the water. Almost

all plants are eaten by these insects, but grasses

seem their favourite food. They will, however, eat

the leaves of treeSj and even the bark and some-

times the wood, if other food fails—at which times

also straw, thatch, and woollen clothes have been

devoured. They are not altogether free from

cannibalistic propensities, as numbers of the Rocky

Mountain locusts are said to be eaten when in the

helpless condition of moulting by their stronger

brethren. The migratory locust is also guilty of a

similar crime, and possibly all species are more or

less given to it, at least under the pressure of

starvation.

A few words must now be devoted to the par-

ticular habits of some of those species which have

made the name of locust (or its equivalents in other

languages) famous, or rather infamous, over a

gi'eat part of the eai'th. It must not be thought

that the word locust is given to one species only.

It applies, as said already, equally to several kinds

of grasshoppers which have made themselves

notorious by the devastations caused by their almost
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indiscriminate voi-acity for vegetable substances. we wUl be able to form some idea of how locusts

In the Old World, if there is one species (amongst commit such havoc amongst vegetation. After they

several) which may be termed par excellence " the are hatched, the young locusts begin to show then-

rig. 7-— METAHOiciHOSES Oi? THE LocusT {Acr'^Aiu:m p&re^x'm-mu).

locust," it is Pachytylus migratorius. In North

America, on the other hand, the locust is CalojJtenus

spretus, the Rocky Mountain locust.

If we ti'ace the history of a band of the latter,

social or gregarious procliAdties by congregating

together in warm and simny spots, feeding upon

such plants as are most attractive to them. As
they increase in size they require more food, and
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by their great numbers soon clear the ground of

vegetation. Till after the first moult (that is,

the first true moult, not the casting of the pellicle

that enveloped them when first hatched) they,

however, do not commence to migrate. After that,

having eaten up all the food in their vicinity, they

are forced to set out on their travels in search of

moi-e food. They march, often in a swarm a mile

wide, during the warmer hours of the day, clearing

out everything eatable in their path. When they

come to woods they first of all clear out the brush-

wood, and eat the dead leaves and bark. " A few

succeed in climbing up into the rougher-barked trees,

where they feed upon the foliage, and it is amusing

to see with what avidity the famished individuals

below scramble for any fallen leaf that the more

fortunate mounted ones may chance to sever."

They continue to increase in destructiveness till

after the third moult, after which they begin to

decrease in numbers, from starvation, disease, and

the attack of enemies. Comparatively few attain

the perfect or winged condition, and then return, so

far as they are able, to the places where they were

hatched, not many miles distant, and do com-

paratively little damage.

In many respects, the life of the Old World
locusts, especially the migratory locust (Pachytylus

migratorius) is similar to the one just sketched.

Like the Rocky Mountain lociist, the migratory

locust does not commence to migrate till after the

first moult, and not to any great extent till after

the second. Their time of marching is generally

the morning and evening, and they also devour (as

they did in the summer of 1880 in Southern Russia)

almost every green thing, leaving a wilderness

behind them. When they attain the winged con-

dition they do not cease from the work of destruc-

tion, and occasionally fly in immense swarms and

to great distances. Multitudes of one kind of locust,

Acrydium peregrinimi (Fig. 7), perhaps the species

mentioned in the tenth chapter of Exodus, were

once seen during a storm in the Atlantic 1,200

miles from land, and great swarms of the same
species iaterrupted the march of a French army in

Algeria. (Fig. 3). As a rule, however, it is sup-

posed that they do not wander far from the districts

in which they were hatched.

In the northern half of Europe (including

Britain) locusts of several kinds occasionally

appear, but generally only in small numbers, and
without doing any mischief. South, however, of a

line drawn from Spain, through the south of

France, Switzerland, Pomerania, South Russia, and

South Siberia, to the north of China, they have

again and again wrought dire havoc. A few of the

more noted devastations may be mentioned. These

devastations—where every plant is devoured

—

entail of course the starvation of the men and

beasts whose food supply has been thus taken from

them. But the mischief does not cease with that.

Pestilence usually follows, and is produced or

aggravated by the effluvia from the decaying bodies

of the dead locusts, especially when, as has been

frequently the case, the insects have been blown

into the sea, and afterwards cast up on the shore by

the waves. On one occasion (about the end of

last century) so many perished in the sea on part

of the African coast that a bank three or four feet

high, and about fifty miles long, was formed on the

shore by their dead bodies, and the stench of them

was carried 150 miles by the wind. In another

part of Africa, early in the Christian era, one plague

of locusts is said to have caused the death of 800,000

persons; and in 591 nearly as bad a plague occurred

in Italy. Again, in 1478, more than 30,000 persons

perished in the Venetian territories from famiiie

caused by locusts. Since that time there have been,

unfortunately, too many records of locust-plagues,

from which it would seem that the old stories are

by no means exaggerated. In more than one

account, and these comparatively recent, the

swarms are described as so dense as to have

actually eclipsed the sun, and this not for a few

minutes, but for hours at a time, so that when the

prophet Joel says that before them " the sun and

moon shall be dark, and the stars withdraw

their shining," he was speaking literally, and not

metaphorically.

There have been, naturally, many attempts made

either to prevent or to arrest the plagues of locusts,

and in the United States of America the Govern-

ment some years ago appointed an Entomological

Commission to investigate and rejiort on the best

means of accomplishing these very desirable objects.

As prevention is better than cure, it is evident

that steps taken to destroy the eggs or newly-

hatched insects will prove most efficacious, a plan

which was long (and may still be) in use in the

south of France. In other places, to destroy the

half or full grown insects, trenches are dug in the

ground, into which they are driven, and then

destroyed by being covered with earth.

From a very remote antiquity locusts have formed

an article of food, not only in Africa and Asia, but

even in ancient times in Eui'ope. Sometimes they

are smoked or salted, at others they are fried or
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grotmd or powdered and mixed with flour to make
bread. This is not done only in times of famine,

but also when there is no scarcity of otlier food, as

the locusts are considered rather a delicacy than

otherwise. A few years ago Mr. Riley, the well-

known State Entomologist of Missouri, organised a

banquet at St. Louis, where locusts in various

forms were served up, and were pronounced

excellent food. From time immemorial the Diffger

Indians, in the desert country west of the Rocky
Mountains, have also used locusts as articles of

food. *

Like several other families of the Orthoptera,

grasshoppers have a considerable antiquity, since

a fossn species has been found in the coal measures

of Saarbriick.

A SUN-DIAL.
By William Lawson, F.E.G.S.,

Lecturer on Geography, St. Mark's College, Chelsea,

SUN-DIALS are now seldom met with, though

we may still occasionally see one fixed to

the south side of an old church, or standing as an

ornament in a garden. But at one time they were

much more common, and, indeed, before clocks and

watches were invented were almost the only means

of measuring time with any approach to accm^acy.

The instrument has been in use from the earliest

times. The Hebrews were acquainted with it at

least seven centuries before the Christian era.

We all recollect the sign given by the prophet to

King Hezekiah, that the shadow should go ten

degrees backward on " the dial of Ahaz " (Isa.

xxxviii. 8). The Greeks derived their knowledge

of it from their Eastern neighbours, and by them

it was introduced among the Romans. In our own
country down as late as the seventeenth century no

mathematical treatises were so common as those on

dialling, and this branch of mathematical astro-

nomy may still occasionally be met with in old

text-books. The dial, of course, always laboured

under the disadvantage of not being of any use in

cloudy weather, or after sunset ; and hence, in

very early times, it was customary to calculate the

hours of night from the position of some pro-

minent star. Arago tells us that the Abbot of

Cluny consulted the stars when he wished to know
the time for midnight prayers; at other times a

monk remained awake, and, in order to measure

the lapse of time, repeated certain Psalms, having

learnt by experiment how many he could say in an

hour.

The principle on which the sun-dial is constructed

may be easily explained. Owing to the earth's

rotation, the sxm appears to move round our globe

in twenty-four hours. The circumference of the

earth is, of course, a circle, and every circle is

divided into 360 degrees. Hence the sun appears

to pass over 360 degrees in twenty-four hours, or

fifteen degrees in one hour.t When, at any place,

the sun reaches the meridian—that is, its greatest

altitude on any given day—it is said to be noon, and

we call the hour twelve. Suppose, then, it is twelve

o'clock at Greenwich, it will be evident, from what

has been said, that at a place fifteen degrees to the

west of Greenwich it will be eleven, while at a place

fifteen degrees east it will be one o'clock. Let p,

B, p', D (Fig. 1), represent the earth as a hollow,

transparent sphere, having an axis p, B, p', on

which it turns, p, p', wiU be the poles of the

axis, and the dotted line mid-way between them

will represent the equator. Let the equator be

divided into twenty-four equal parts, and through

these divisions draw the meridians 1, 2, 3, &c.

These meridians will, of course, be fifteen degrees

apart. For the sake of clearness we put only

twelve of these in the diagram. Let b be a point

about 50° north of the equator, and therefore

somewhere in the neighbourhood of London ; and

let us suppose the sphere cut through by the hori-

zontal plane A, B, c, d. Now i£ the axis P, E,

p' be opaque, the sun in its apparent motion round

the earth—caused, as we know, by the earth's

rotation on its axis—will pass from one meridian to

another at regular intervals of one hour, and cause

the shadow of the axis to fall upon the horizontal

plane. Thus if at one o'clock it falls upon the point

B, an hour later the shadow will be on II. ; two

hours later, at III. ; and so on. An hour before one,

the shadow wUl be at XII. ; two hours before, at

XL
* Brown : "Races of Mankind," Vol. I., p. 158.

t "The Mechanism of the Heavens :" "Science for All,"

Vol. I., p. 90.
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Now in a sun-dial the plane A, b, c, d, may be

represented by a horizontal slab of slate, marble, or

Fig. 1.—Showing the Principle upon wliicli a Sun-dial is constructed.

brass. A triangular piece of metal, similar to

A, c, B (Fig. 2), called a gnomon, stands perpen-

dicularly on the slab, the line A, B, being due north

and south. The line A, c, called the style, points to

the Pole star, and is therefore parallel with the

earth's axis, and thus corresponds with p, e, p'.
^

When the sun is on the meridian, the point /

where the shadow of the gnomon falls is /
marked XII. Earlier in the day the /
shadow falls to the west of this point ; /
later, it falls on the eastern side. /
The dial-plate is carefully gra- /
duated according to well- /
known rules, which we need /
not stop to consider, and /
thus, if the dial has /
been correctly made, /
any hour between /
sunrise and sun- /
set may be ^/ |b

ascertained by Fig. 2.—Tlie Gnomon.

consulting it on a bright day. Horas -non numero
nisi Serenas (I only count the hours of sunshine)

was an ancient dial motto. We have spoken only

of the horizontal sun-dial, but in the vertical dial

the principle is precisely the same ; the style must

in all cases point to the Pole star.

It will be obvious from what has been stated

that a sun-dial made for London would be useless

for either Paris or Edinburgh. The altitude of the

Pole star varies with the latitude,* and hence is

greater at Edinburgh and less at Paris than at

London ; and as the style must always poiat to the

Pole star, the angle it makes with the dial plate

* "Ocean Sign-posts :" "Science for All," Vol. I., p. 221.

must vary with the latitude. Again, a little con-

sideration will show that before clocks and watches

came into use there would be no such thing as

Greenwich time. At the present day, no matter

in what part of the British Islands we may happen

to be, we regulate our watches by Greenwich time,

which can always be ascertained at the nearest

railway-station. But when dials had to be de-

pended upon, different towns would have different

time. London time would differ from that of

Bristol, Glasgow from Edinburgk It has been

ah-eady stated that a place fifteen degrees to the

east or west of Greenwich has noon an hour

earlier or later, as the case may be ; and if fifteen

degrees make an hour's difference, one degree will

make a difference of four minutes. Thus, it is

noon at Greenwich eight minutes before noon at

Liverpool, and five-and-twenty minutes before it is

noon at Dublin. Of course people might have

agreed then, as now, to accept Greenwich time as

the standard ; but then where wovxld have been the

use of their sun-dials 1 Probably a uniform

standard of time was not so necessary two or three

centuries ago as it is now, with our railways and

telegraphs and all the complex life of modern

civilisation. A survival of the old custom of each

town having its own local time still exists at

Ipswich, where the town clock indicates local

time, and is therefore always about fovir minutes

before Greenwich time.

Suppose some bright day, about noon, we come

across a sun-dial, and have the curiosity to examine

it, and to compare it with our watch or the neigh-

boiu'ing church clock. If the dial indicate the hour

of twelve, the chances are that it will differ a few

minutes—perhaps as much as a quarter of an hour

—

from Greenwich time. Part of this difference may
probably be explained by what was said in the last

paragraph, but not the whole of it. If we look at

a dial in Greenwich itself, we shall find that it

seldom exactly agrees with the clock ; and if we
examine it at intervals for a week or two we shall

find that the time indicated varies in a remarkable

way. Thus if we examine the sun-dial early in

March, we shall find it about ten minutes slow

when compared with a clock; a month later the

difference will be only about one minute slow; in

May we shall find it three or four minutes fast.

The question naturally arises. Which is right, the

sun or the clock 1 At first we incline in favour of

the sun, for he is the recognised ruler of the day, and

besides he has no complicated system of wheels to

get out of order. But let us not decide hastily.
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The apparent daily motion of the sun we know-

is only apparent ; it is caused by the daily rota-

tion of the earth upon its axis ; but this also

causes an apparent movement among the stars. Is

their motion regular, or does it seem to vary like

that of the sun ? Suppose on some clear night we

to the place where we first observed it. This

interval is 23 hours 56 minutes, or very nearly.

Thus at the end of a fortnight we may look for

the star at nine o'clock instead of ten ; at the end

of a month, about eight o'clock. Here, then, is

another difficulty. The apparent motion of both

Fig. 3.—The Sun-Dial in the Temple, London.—(From " CasscH's Old and New London.")

notice a bright star in a line with a church spire,

the top of a tree, or some tall chimney, and care-

fully note the exact time as well as the exact

position. If we look for that star the next evening,

we shall observe it in the same position probably

a little earlier than we expected. If it was ten

o'clock the night before, it will want four minutes

to ten now. And if we continue our observations

night after night, we shall find that it always occu-

pies exactly the same interval of time in returning

the stars and the sun is caused by the earth's rota-

tion ; the stars complete a revolution in 23 hours

56 minutes ; the sun requires twenty-four hours.

How do we account for this difference of four

minutes 1 and what is the exact time which the

earth requires to make one revolution upon its

axis 1 Now we must remember that the apparent

motion of the stars never varies, while the apparent

motion of the sun does vary, as the sun-dial proves.

Both of them are caused by the earth's rotation, and
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this rotation, it is natural to suppose, is uniform. If

we watch a top spinning we see that for a time its

motion is perfectly uniform ; there is no change from

Fig. 4.—lUustratiug tlie difference tetween a Sidereal and a Solar Day.

quick to slower and then again to quicker motion.

The rotation is gradually overcome by friction; if

it were not for this, once started it might spin on

for ever. The earth spins round just like a top,

but there is no friction, and hence it goes on with a

uniform motion from day to day, and from year to

diagram. Let A b (Fig. 4) be a portion of the

earth's orbit, and e, e' the earth in two different

positions. Suppose when the earth is at e that an

observer at a sees the sun on the meridian
;

then it is evident that if the earth were

stationary in its orbit the point a would, by

the earth's rotation, be brought I'ound to the

same positionagainin twenty-three hours fifty-

six minutes, and the solardays and the sidereal

days would be of the same length. But while

the earth is making one revolution upon its

axis it is also moving forward in its orbit,

and has reached e'. An observer at a will

not now see the sun on the meridian, but a

little to the east, and the earth must turn a

little more to bring the sun on to the meri-

dian, and it requiresabout fourminutes to give

this little extra turn. Hence it will be seen

that in a solar day the earth makes rather

more than one revolution upon its axis. It might

be thought that the movement of the earth in its

orbit would also affect the position of the stars in

the same way. But these bodies are at such

immense distances from us that the movement of

the earth from one side of its orbit to the other

Fig. 5.

—

The Seasohs.

year. The exact time it takes to make one revolu-

tion is that indicated by the stars—23 hours 56

minutes. This is called a sidereal day.

But now two other questions arise. Why is a

solar day about four minutes longer than a sidereal

day 1 And why do solar days vary in length 1

We know that the earth has two motions : besides

the diurnal or daily motion on its own axis, there

is an annual motion round the sun. It is this annual

motion which causes the difference between solar

and sidereal days. This may be explained by a

182

causes only the very slightest change in the apparent

position of even the stars nearest to us.

We have now to consider the second question

—

Why are not the solar days all of the same length 1

There are two reasons for this. First, because the

motion of the earth in its orbit is not uniform.

Secondly, because the ecliptic does not coincide

with the celestial equator. The first cause is easily

explained ; the second is rather more difficult to

understand.

In the annexed diagram (Fig. 5) we have a
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representation of the earth in different parts of

its orbit. The positions A and c are called respec-

tively the summer and winter solstices ; B and d,

the equinoxes. The earth's orbit is not a perfect

circle, but an ellipse. In winter we are three

million miles nearer the sun than in summer.

Some may think that if this statement be correct we
ought to have warmer days in winter. But the

heat which we receive from the sun depends very

much upon the direction of its rays. We all know
that it is much hotter at noon than early in the

morning. In summer, the sun's rays are more

vertical than in winter ; hence the days are warmer.

Now, just as a falling stone moves more quickly as

it approaches the ground, so the earth moves more

quickly in its orbit as it approaches the sun. In

the winter months, therefore, the earth is moving

more rapidly than at any other time ; in the summer

months more slowly. A glance at Eig. 4 will show

that this must make a difference in the length

of solar days. The difference in length between a

solar and a sidereal day depends upon the distance

from E to e'. If the earth's annual motion were

uniform, this distance would always be the same
;

but since the earth's motion is not unifoi-m, this

distance varies, and consequently the length of the

solar days must vary.

But even supposing the earth's motion in its orbit

were perfectly uniform, there is another circum-

stance which would cause the solar days to vary in

length. In Eig. 5 the straight lines drawn through

the globes represent the inclination of the earth's

axis to the plane of the ecliptic. By ecliptic we
mean the apparent path of the sun among the stars

caused by the earth's annual motion. The earth's

orbit lies in the plane of the ecliptic—that is, on the

same level—but a glance at the diagram will show

that the equator does not lie in this plane, but is

inclined to it at a considerable angle. At the

summer solstice the sun is vertical at a point 23|°

north of the equator; at the winter solstice, 23^°

south ; at the equinoxes it is vertical at the eqviator.

In an artificial globe a circle is sometimes drawn

to repi'esent the sun's path. When this is the case,

we see that it bisects the equator in two points,

and recedes from it on either side to the tropics of

Cancer and Capricorn, which are 23|° north and

south of the equator, respectively. The ecliptic,

however, we must recollect, is not an imaginary

circle upon the earth, but in the heavens ; and there

is also a circle corresponding to the equator called

the celestial equator. These two celestial circles,

however, have the same inclination to each other

as the circles sometimes drawn upon the artificial

globe. Let the circle a c d e (Eig. 6) represent

the celestial equator, and b a' h' f, the ecliptic.

Now, owing to the earth's annual motion, the sun

appears to travel round the ecliptic in the course of

a year. If the earth's motion were perfectly uniform

Fig. 6.—Showing the inclination of the Ecliptic to the Celestial
Equator.

the distance travelled by the sun along the

ecKptic would be exactly the same every day, but

its progress eastward would not always appear the

same. All measurements to the east and west have

reference to the equator, just as all measurements

to the north and south have reference to the poles.

A glance at the diagram will show that the distance

a 6 is not the same as a c, so that near the equi-

noxes the sun's apparent daily motion to the east-

ward is less than the average. On the other hand,

at the solstices, the distance travelled by the sun

m one day—fr-om a' to b'—is the same when

measured on the celestial equator. As a matter of

fact, solar days near the equinoxes are twenty

seconds shorter than the average, and at the

solstices twenty seconds longer.

Thus we see that even if the motion of the earth

in its orbit were uniform there would be a difference

in the length of solar days ; but the motion, as

we have seen, is not uniform. Tlie consequence

of the two causes combined is that we never get

two solar days together of exactly the same length.

They do not vary from each other more than about

fifty seconds, but this difference may go on accumu-

lating for weeks together, so that sometimes there

is as much as sixteen minutes' difference between

solar time and Greenwich time. Greenwich time

is the average length of the solar days, and this is

exactly twenty-four hours. At certain periods of

the year a number of short solar days may come

together, and then the sun is behind the clock.

At another period a number of long solar days come

together, and then the sun is before the clock.

There are only four days in the year when the clock
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and the sun-clial agree. These are April 15,

June 15, August 31, and December 24. The

difference between solar time and Greenwich time

is called the equation of time. It can be calculated

beforehand for every day in the year-, and is some-

times printed in almanacks, and occasionally on

the face of large dials. In order to make use of

this table we should notice carefully the exact time

indicated by the sun-dial
; then, tiu-ning to the

table, find out whether the sun is before the clock

or behind, and how much. If, then, we make the

necessary addition or subtraction, we get correct

time, and can then test our watches, or the neigh-

bouring church clock.

The earth completes a revolution round the sun

in 365 days and a quarter, or, more exactly, 365

days, 5 hours, 48 minutes, 49 seconds. The year

is divided into months, and these, as the name
indicates (Saxon, monath, from inona, the moon),

were originally, in this country at any rate,

regulated by changes in the moon. The exact

time, from new moon to new moon, is 29 days,

12 hours, 44 minutes, and 2 -87 seconds; so that,

in roimd numbers, we may say 30 days. But
twelve months of thirty days each would only

give us 360 days ; to certairi months, therefore, we
assign thirty-one days, to make up the complete

year. We obtain the names of the months from

the Romans, who originally only had ten months

in the year. "We can find a trace of this fact in

the names September, October, November, Decem-

ber—which mean the seventh, eighth, ninth, and

tenth months respectively. It was soon noticed,

however, that ten months were not sufficient, and

two more, January and February, were added,

which originally had twenty-eight days each. The
nvimber of days in January was subsequently

raised to thirty-one, but February stUl retains its

twenty-eight days. In the time of Julius Csesar

the Roman calendar had got into gi-eat confusion.

Among other irregularities, the vernal equinox

(March 21st) was almost two months later than it

ought to be. To remedy this, two months were

inserted between November and December, so that

that particular year (b.c. 46) had fourteen months.

The number of days was correctly fixed at 365|^,

and to get rid of the quarter it was decided to

intercalate—that is, to interpose, a day between

the 23rd and 24th of February. This was done by
counting the 24th of February twice. Now the

24th of February was then called sextilis, or sixth,

that is, the sixth day before the 1st of March, and

when this day was reckoned twice the year was

called bissextile, or double sixth. We add an extra

day to the month instead, and call it Zea^; year.

The reason for this name seems to be that in

ordinary years Christmas day and other fixed days

are one day later each succeeding year, but in leap

year they are two days later ; there is thus a leap

over one day. The efforts of Jvilius Caesar to

reform the calendar were commemorated by the

name of one of the months, which was changed

from Quintilis to July.

But we have seen above that a year is not

exactly 365 days and a quarter, but about eleven

minutes short of this, and though this does not

seem much, yet it amounts to a whole day in 130

years. The consequence of this was, that towards

the close of the sixteenth century it was found

that the calendar again stood in need of reform.

An Italian physician projected a plan for its

reformation. This, on being presented to Pope

Gregoiy XIII., was submitted to a conference of

prelates and learned men and adopted, and in 1582

a papal brief was issued, abolishing the Julian

calendar in all Catholic countries, and introducing

in its stead the one now in use, under the name of

the Gregorian, or reformed calendar. It is also

sometimes called the new style, to distinguish it

from the Julian, or old style. The chief alterations

were these : ten days were di'opped after the 4th

of October, 1582, and the 15th was reckoned in

immediately after the 4th. To prevent any eiTor

in future, every 100th year which, by the old

style, was to have been a leap year, was now to be

a common year, the fourth excepted. Thus, 1600

was to remain a leap year, but 1700, 1800, and

1900 were to be of the ordinary length, and 2000

a leap year again.

For a long time, however, the Protestant

countries of Europe would not adopt the new style,

and it was not until 1751 that England did so.

In that year the famous Lord Chestei-field introduced

a bill into Parliament, and the measure received

the royal assent. But it met with much opposition

out of doors. The great body of the people

regarded the measure as impious and jjopish, and
as eleven days had to be omitted in the month of

September so as to bring the calendar into unison

with the equinoxes, people had an idea that they

were being robbed of eleven days. By this bUI,

also, the year was made to commence with the

1st of January instead of March 25th, as it had
done previously. Russia, and those countries

which belong to the Greek church, still follow the
old style, and hence in Russia Christmas Day falls
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on what we call January 6tli, for the discrepancy

between the old style and the astronomical year

now amounts to twelve days.

A curious attempt was made at the time of the

French Revolution to introduce an entu-ely new
calendar. The year was made to consist of twelve

months of thirty days each, and to complete the

full number five fete days (in leap years six) were

added to the end of the year. Each month was
divided into three parts, called decades, of ten days

each. The time fixed for the new reckoning to

commence was the autumnal equinox (September

22nd) of 1792. The old names of the months were

dropped, and new ones, descriptive of the time of

year, adopted—such as windy month, rainy month,

foggy month, harvest month, and fi-uit month.

An attempt was also made to carry the decimal

mode of reckoning into the hours of the day ; thus

the day was divided into ten parts, and these

subdivided into hundreds and thousands. This, of

coiirse, involved an entire change in the dial plates

of clocks and watches, and a decree was issued to

this effect. But the new mode of reckoning, as

might be expected, perplexed and puzzled ordinary

people, and the attempt had to be abandoned ; and

in 1805, when Napoleon became emperor, the

entire calendar was abolished, and the Gregorian

calendar re-established.

VEOTJS AND THE TEANSIT OF 1882.

By Professor S. P. Langley,

Director of the Allegheny Observatory, Pittshmg, U.S.A.

WE do not know when the bright planet of our

evening and morning skies was first dis-

tinguished by its motion from other stars, though

it was called under two different names (Phosphorus

and Hesperus) by the earliest observers, who mistook

it for two distinct objects, one seen before sunrise

and the other after sunset. The discovery that

these apparently twin attendants on the Sun are

really one belongs to a later, though still far remote,

period. It is said that an observation of Venus
has been found (recorded on an earthen tablet now
in the British Museum), which dates from nearly

six hundred years before the Christian era ; but we
must pass over a long interval in the history of the

planet, occupied only by a few observations of Greek

and Arabian astronomers, to find it attracting its

first special interest for us at the time of the

invention of the telescope.

It had been objected to the theory of Copernicus,

which madeVenus an interior planet (Fig. 1)—one,

that is, revolving between the Earth and the Sun

—

that, in this case, it should show phases like the

moon's, and, according to somewhat uncertain

tradition, Copernicus replied that such was in fact

the case, and that these changes would one day be

distinguished. However this may be, it is cei'tain

that one of the earliest revelations of the telescope

in the hands of Galileo was, that Venus did pass,

like the Moon, from a slender crescent when near

the Sun, to fuller rovindness as it withdrew from it.

When this most interesting fact was discovered by

him, he was divided between the wish to withhold

the news of it till he could make more complete ob-

servations, and the fear that if he kept silence some

one else might anticipate him in the announcement.

In our days a scientific man, under such circum-

IDO.000.000' io' ' ' £0 ^ lOO.OOO.OOO

rig, 1.—Orbits of the Eartli and Venus, showing the scale of the
Solar System.

stances, would probably write the history of his

discovery, and deposit it, under seal, in the custody

of some learned society, so that he might establish

his priority if it wei'e afterwards questioned. Galileo

solved his dilemma by another means then in use,

but which he employed with uncommon iugenuity.

There is a familiar game which consists in takmg
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the letters which form some common word, and

giving them, jumbled into disorder, to an opponent,

who is to arrange them, if he can, to re-spell the

word which they compose. Galileo first briefly

wrote his discovery in the words, " Cyniliice,figuras

cemulatur Mater Amorum,^^ or (freely rendered)

"Yenus imitates the phases of the moon." He
might have simply printed, in irregular order, the

letters which compose the above sentence, with

tolerable confidence that no one but himself could

re-compose them into their true meaning ; but he

did more, and himself re-composed them into still

another sentence, '^ Hcec imrnatura a me jainfrustra

leguntur, o.y." or, " Things uni'ipe for disclosure,

read in vain by others, are read by me," which

thus both contained an announcement of a withheld

discovery, and a taunt to those who were challenged

to read his riddle. Any one who will be at the

pains to devise a similar anagram will perhaps be

of the opinion that the work is as difficult as the

original observation it embodies, if not as meii-

torious. However this may be, the device served

its purpose, and no one has ever disputed Galileo's

claim to the discovery. After he saw fit to make it

known, other and improved telescopes were dii-ected

to Venus, and it was found that the planet was a

globe presenting spots on its surface (Fig. 2), and

by these it was discovered to revolve, like the Earth,

in a little less than twenty-four hours. It is rather

Fig. 2.—Spots on Venus. [Bianchini.)

remarkable that our more powerful modern tele-

scopes have added very little to what was done by
the rude instruments of the early observers.

Schrbter and one or two others have fancied they

saw evidence of mountains existing in the rough-

ness of the " terminator," or boundary of light and

shade. Schrbter even believed he could measure

them, and announced that they wei'e over twenty-

five miles high ! (Fig. 3.) These observations are

veiy doubtful, however, and, indeed, it is to Italian

astronomers, even in later times, that we chiefly

owe what knowledge of the planet's surface we
possess, possibly because

its very delicate mottlings

are best seen beneath

that transparent southern

sky. During the last cen-

tury it was supposed that

Venus had a satellite or at-

tendant moon of its own,

but it has not since been

recognised ; and though

there is testimony amount-

ing to what seems almost

evidence of its having

been seen by numerous

skilled observez's, it is

now generally believed to
, - rig. 3.—Kvideuce of supposed

have never had any ex- Mountains in Venus. (Schrbter.)

istence, though the conflict

of opinion on the point has made it one of the

enigmas of astronomical history.

Venus has an atmosphere, beyond any doubt,

and good observers have even suspected the

existence of snow around its northern and southern

poles. When the moon is new we often see the

outline of its slender crescent prolonged around its

entire disc, the rest of which is filled with a faint

ashy light. The cause of this phenomenon, which

is popularly called "The old moon in the new
moon's arms" in the case of our moon, is well

known. It is due to the sunlight which its neigh-

bour (our own Earth) itself reflects on to the Moon's

surface, but it is very curious that a somewhat

similar appearance has been observed on Venus,

the outline of the part turned away from the Sun
being sometimes very faintly visible. This we
cannot possibly account for by the feeble light

which the distant Earth, or the outer planets, or

the stars shed upon it. It is conceivable that this

strange appearance may be owing to the dark side's

being visible on the light background of the Sun's

corona,* but we must admit our ignorance of the

real cause of this peculiarity, which appears to be

well attested.

"We have now mentioned the princijjal jiliysical

features of the planet, which, however brilliant an

object to the naked eye, x'eveals on the whole less

* The writer has thus seen the dark body of Mercury just

outside the Sun's disc.
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to the telescope than Mars or Jupiter or Saturn
;

and, were this all, when we have added that it is

of about the dimensions of our own Earth, our

account of it might be ah'eady concluded. But

Venus has a wholly different kind of interest for

us, which we have not yet touched on, one which

in the very near future (in the year 1882) wiU

make it without doubt a topic of conversation,

even among those who care nothing in general

for astronomy ; and what this is we must now
consider.

In doing so it is necessary to refer again to our

diagram (Fig. 1), which might be called a map of

part of the planetary system. This could have

been drawn about as accurately as it is here given

even in Galileo's time, with one very important

exception—that it then could have had no scale.

Kepler had discovered the way to make such a map
of the solar system, correct in all its proportions,

but without a scale, by observing the times in

which the planets revolve. His rule (the squares

of the times are as the cubes of the distances),

which he discovered by immense labour, in guessing

and trying all kinds of rules till one was found to

work, might be thus expressed : If you want to

know the distance of any planet from the Sun, as

compared to the Earth's distance, take the time of

that planet's revolution, expressed in pai'ts of the

Earth's time, square it, and find the cube root.

Thus, the Earth's time of revolution being 1 year,

and that of Venus a little over y%ths of a year, or,

more exactly, '615, we find that '615 times "BIS is

•378225, and the cube root of this is "72 nearly.

This, then, is the distance of Venus from the Sun,

as compared with the Earth's distance taken as

imity ; it is, in other words, about 72 per cent, of

ours ; and in this way, thanks to Kepler, even in

Galileo's days, by simply noting the time it took

each planet to revolve about the sun, a brief and

simple computation would show its distance from

the Sun as compared with ours, and so an accurate

chart of the whole planetary system could be

made. But what is our distance 1 Unfortunately,

Kepler's laws tell us nothing about that. We may
have a complete map or chart of the solar system,

then, without knowing what scale it is drawn on.

If, ia other words, the distance of the Earth from

the Sun, in Fig. 1, is one inch, we do not know
from anything yet explained here, whether the

inch stands for one million miles, or for a hundred

million, nor, consequently, do we know what any

other distance is in figures, though we may be sure

that all the proimrtiom are perfect.

Now it is plain that what we want is the actual

distance in miles, of any one of these planets from

the Svm; for if we know the Earth's to be

90,000,000 miles (for instance), then that of Venus
is 72 per cent, of this, which is 64,800,000, and so

on for all the other planets.

Astronomers sought diligently, therefore, for a

long time to find the Earth's distance from the Sun,

but with very poor success.

The difiiculty lies ia the immensity of this

distance, as compared to the Earth's diameter.

Since immense distances are well known to be the

particular subject of astronomical measures, it may
be worth while to see why this one offers such

peculiar difficulty.

The ^jri'rtcipZe on which we proceed to find the

distance of an inaccessible object is entirely inde-

pendent of that distance, and is just the same

whether the object is a tree on the other side of a

rivei', or the far-off Sun. The bee-hunter in the

American forests who seeks the tree in which the

wild swarms have deposited their honey, proceeds

to discover its distance by a simple means, with

which he unconsciously works on exactly the same

principle as the surveyor or astronomer.

The wild bee when laden flies in a straight line

(a " bee-line ") to its hoard, which is often miles

away. The hunter, provided with a little honey,

waits till a wandering bee has supplied itself, and

then fixes the direction of its flight by "lining"

it with some remote object. This tells him the

direction (only) of the hive, but not how far off it

is. Next he walks away, nearly at right angles to

the line the insect took, for a quarter of a mile or

so, and again proffers his honey. Some other of

the numberless reamers from the same hive sup-

plies himself at this second station and flies home-

ward. Again the hunter " lines " its flight, which

is sure to be in a different direction to that of the

first, precisely because both are tending to the

same place, and the amount of change in the

direction shows whether this place is near or far.

The two lines must meet somewhere, and in one

point, like the two sides of a capital A (disregarding

the connecting line of the letter). If it is far off, the

A has long sides and a sharp angle ; if near, short

sides and a wide, open angle. (See Fig. 4, where,

in the first (a) illustration, I s' r i& the sharper, and

I s r the obtuser, angle.) The hunter can roughly

estimate the distance to the point then, when he

knows whether the angle between the sides is acute

or obtuse ; and this he learns without going there,

from the difference of the two directions, which
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just equals it, as will be readily seen. The length

between his two stations is called a "base-line"

(it is the distance between the two legs of the A).

The angle at the summit of the A is called by

astronomers the "parallax." For a given base-line

Fig. i.—Illustrating tlie Eifect of Large aud Small Base-line.

then a distant object has a small parallax and vice

versa, so that it is easy to see that a very small

parallax implies a very great distance, and it may
be as readily seen that what the hunter does

roughly, a geometer might do exactly, or that it is

possible by exacter calculations to tell just how far

off an object is, if we can learn its precise parallax.

The distance of an inaccessible object, then, is

measured on quite the same principle by a surveyor,

Vv^ho employs instruments for the purpose, and

calculates where the hunter roughly estimates.

Thus, let s, in the second (b) illustration of Fig. 4,

be a distant tree, and l the place where the sur-

veyor first stands. He lays out a line of measured

length, L R (the " base-line "), finds, while standing

at L, the precise direction of s (i.e., the opening

between l s and L r), and then repeats the process

while standing at r, and looking thence at s and

back to L. The angle between l s and r s is

thus found without going to s, where they meet,

and this being known the lengths L s and R s are

fixed. If now we take, in the same fignire, s to

mean the Sun, and L and K to be suceessive

positions of the Earth in its annual orbit, though

the principle remains quite unaltered, it cannot

be applied in the same way, because if L be the

station which the Earth occupies at any moment,

there is nothing to distinguish r, the point in

tlie void of space it will occupy later, nor when
the Earth has moved on to R is there anything

left to mark where it formerly passed at l. The

motion of the Earth round the Sun is then no help

to us, and we have to give up this way, and try

to see whether it is possible to apply the same

principle within the limits of the Earth itself.

The task is now immensely more difiicult than if

we could use two distant stations, for it wa.s the

difierent directions of the lines drawn to s from

the stations L and R which enabled the hunter

to find the hive, or the surveyor to measvxre the

distance of the tree. The amount of this dif-

ference for a given distance of s depends, as

we have explained, on the distance between

the stations L, r (the " base-line ") ; and if

this base-line were to be reduced to a mere dot,

evidently the two lines drawn to it from s would

almost merge into one, and there would cease to

be any sensible difierence in their direction.

The third (c) illustration of Fig. 4 represents the

Earth as a base-line, with the Earth the size of a

pin's head ; but the actual proportion to the Sun's

distance would make it far smaller—smaller than

the least visible dot.

This difierence of direction, as we have already

said, is called by astronomers " parallax," a word

which is iTsed by them so often, and is so impor-

tant, that a further illusti'ation of its meaning is not

superfiuous. We cannot measure the distance of the

Sun without a base-line of some kind ; we cannot

get off" the Earth to lay down a long one ; and

hence we must work, if we work at all, under

the disadvantage of a base so small that it—even

the longest we can get by going to two opposite

sides of our globe—^is a mere dot in comparison

with the Sun's distance. If the space between a

man's eyes stand for the distance between the

two most widely possible separated stations on

the Earth, then, on this same diminutive scale, the

distance of the Sun would be over half a mile.

The two lines drawn to the eyes from a point

representing the Sun's centre would be almost

parallel ; either would have about the same direction

as the other, and the difference of their directions

(the " parallax ") would be almost nothing.

There is no way out of this difficulty : we must
measure, if at all, under just the same conditions

as a man would deal with who was called on to

fijid the exact distance of a point half a mile off

without moving from where he stood. The actual

methods used by astronomers in determining this

minute solar parallax by means of Venus, are highly

refined, and the processes tedious, but the under-

lying principle is of the utmost simplicity, and
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any reader who cares to understand it may do so.

Let any one hold up a linger between his eyes and
the window, and as near the face as he can distinctly

see it (Fig. 6). Keeping the head and the finger

motionless, let him close the left eye, and using the

right, notice the part of the window the finger

appears to cover, D, and next repeat the observa-

tion with the left eye, while the right is closed.

Fig. 5.—Illustration of Parallax.

The finger will now be seen to cover a quite different

spot, c, though neither it, nor the face, nor the

window has moved. This apparent angular dis-

placement is due to the different direction in

which the finger is seen from two different points

of observation, i.e., the two eyes ; it is, in other

words, the " parallax " of the finger ; and if this

be now held at arm's length, it will still be dis-

placed, but obviously less than before, since the

two lines drawn to it from the two stations of

observation (the two eyes) are now more nearly

parallel, and the " parallax " is smaller. This

unfamiliar word, therefore, covers a familiar thing.

The " parallax " of the finger is, in still other

words, the angle under which our two eyes would
be seen by the finger, if that could be imagined to

look at us. It is plain enough, as we repeat, that

these things, distance and parallax, are so linked

together that neither can change without a change

in the other, and that a small parallax implies a

great distance, as a small angle of the A implies

long sides, though the object may be so far off that

it does not apparently shift its place at all, in which

case the point of the A is so distant that its two

sides are almost parallel, and the only conclusion

we can draw is that the objtict is very remote

indeed. Looking at some distant object, such as

^uhe corner of a building across the street, we
shall see it then appear to move very little, which-

ever eye we use ; that is, its " parallax " can

hardly be observed. We might, even in this case,

get an idea of the amount of parallax by taking

advantage of a very rare event in our streets—the

passing of a body with extreme slowness and

regular motion, such as when some great mass

like the obelisk in New York, or that on the

Thames Embankment in London, is drawn along

by a windlass with a steady but almost imper-

ceptible movement ; for clearly this slow-moving

body would, if coming from left to right, cut off the

sight of the ojjposite corner from the left eye before

it eclipsed the view from the other, and the small

"parallax" would thus be made sensible; but the

application of such a method as this must evi-

dently be very i-are.

The conclusion to which astronomers came in the

beginning of the last century, about the Sun's pai-al-

lax, was that it was immeasurably small. Copernicus

and Tycho Brahe, following still earlier computers,

had estimated that the Sun was at least 5,000,000

miles off. Kepler called it at least 13,000,000

miles, and every measure, as observation gxew more
accurate, only went to show that the " parallax

"

was, at any rate to the means then in use, immea-

surably small, and consequently the Sun's distance

immeasurably great. It was already known with

exactness, as we have seen, what the proportionate

distances of the planets were from the Sun, but the

absolute distance of the Sun itself from any one of

them was thus lacking. A determination of the

solar parallax, then-—or, in other words, of the dis-

tance of the Sun from the Earth, and the consequent

knowledge of the scale on which the Universe was

built by its Architect—remained wanting.

Under these circumstances, in the year 1716,

the celebrated Halley pointed ovit a method of

solving the problem, which depended upon the fact

that at certain very rare intervals the planet Venus

passes directly between us and the Sun. We shall

not attempt here to describe at length the method

of Halley, but only to give a clear general idea of

the way in which Venus will enable us to solve the

difiiculty as to the Sun's distance.

Halley proposed, in substance, that two observers

should be stationed at opposite sides of the Earth

when Venus passed over the Sun's disc (which it

does so slowly as to occupy several hours, during

all of which time it is distinctly visible as a black

spot). Looking towards the Sun, from any point

in England or the United States, the left hand is
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towards the east. Let the observer at the left or

eastern end of the Earth's diameter then represent

the left eye, in our previous illustration (Fig. 5),

and if the planet Venus be moving slowly across

the Sun from left to right, as it does at certain rare

intervals, it is plain that the left-hand observer

will see it touch the Sun's edge before the other

one sees it at all (for it is not distinctly visible

until it is actually entering on the Sun). If the

two observers have compared their chronometers,

and know, consequently, w^hen they afterwards

meet, how many minutes and seconds one saw it

before the other, this will enable us to calculate

how long the planet was in crossing from the line

of sight of the left observer to that of the

right. But as we know just what part of a ^ep^''-

degree Venus moves in this time, we know
just how small an angle the distance between the

two observers makes as seen from the Sun, and this

is the solar parallax, which shows us how far the

Sun is away.

Thus, if Venus cross the Sun's centre (to suppose

the simplest case), since she is known by common
observation to revolve through her entire orbit of

360^ in 225 days, in one minute she would move

through 4", that is, four seconds of arc. In

the same way the Earth is observed to move
through 360° in its year, which gives a motion

of 2 ''46 in one minute. Then the difference,

or 1""54, is the amount that Venus gains on the

Earth each minute, and if the observer at the left-

hand extremity of the diameter of the Earth saw it

enter the Svin eleven and a half minutes befoi'e the

other, 11| times 1"*54, or 17"*70, is the angle which

the Earth's diameter fills to an eye at the Sun. It

is usual to consider the Earth's radius instead of

the diameter, and accordingly half of this, or 8" '85

(corresponding to a solar distance of 92,300,000

inUes), would be the solar parallax, and this has

been considered, until very lately indeed, to be the

most probable value.

It is desirable to have many observers, stationed

at different points, which need not be, in practice,

at the extreuiities of the Earth's diameter. Halley

jrt-oposed, in fact, to have a great many such pairs

of observers, stationed at different points on the

Earth, lest, he says, "any single observer should be

deprived by the intervention of clouds of a sight

which I know not whether any man living in this

or the next age will ever see again; on which

depends the certaiii and adequate solution of a

problem the most noble, and at any other time not

and again to those curious astronomers who (when

I am dead) will have an opportunity of observing

these things."

To see why this phenomenon is so rare, we must

observe that though Venus revolves in a path inte-

rior to ours, she does not come exactly between us

and the Sun every year or two (as might be sup-

posed), because her orbit is inclined to our own.

Thus, in Fig. 6, let the shaded curve represent the

Fif

Decesni&p
. 6.—Incliuution of the Orbit of Venus.

to be attained to.

183

I recommend it, therefore, again

Earth's path about the Sun, and the unshaded one

that of Venus. The planes of these two curves

intersect in a line which goes through the points

which the Earth passes each June and December.

Only in these months can V enus, by any possibility,

be seen on the Sun
;
only then on a certain day

;

and not on that day, unless Venus happens to be

there, for she may evidently happen to be any-

where else in her orbit (for instance, at the points

marked 9 ?), and unless all these events concur she

will not be seen " in transit." As thirteen of her

revolutions take place (nearly) to eight of ours, if

we do see her on the Sun, we shall very probably

see her there eight years later. Accordingly the

transits usually come in pairs eight years apart,

but there is commonly an interval of more than a

century between. The first transit ever known to

have been observed was that on Dec. 4th, 1639,

which is supposed to have been seen only by two
young Englishmen, Horrocks and Crabtree. Hor-
rocks, who was a clergyman, was unfortunately

called away by his professional duties, the transit

occurring on a Sunday, so that he witnessed only a
part of the phenomenon, and thus lost to astronomy
information which would have been highly valuable.

The transits which Halley foresaw occurred after

his death, as he had predicted, in 1761 (June 6)
and in 1769 (June 3). Observers were sent all

over the world by the principal governments (the

celebrated voyage of Captain Cook to OLaheite wa.s
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for this purpose), and the result was found to be a

solar parallax of 8" 5 6; in other words, this was the

angle which the Earth's radius (not diameter) was

supposed to fill if seen from the Sun, and this im-

plies a distance of the Sun from the Earth of about

95,000,000 miles, the value which was till ten

years since to be found in most text-books.

In 1874 the transit occurred again, and extensive

preparations were made by Great Britain and other

European governments, as well as by the United

States. Photography was used very extensively,

by taking pictures of the Sun's face, with the planet

upon it; but the results from this and other modern

means were hardly commensui-ate with the jiains

taken; and though observers stationed themselves

in the remotest parts of the Earth to witness the

event, we cannot be said to have greatly modified

our then estimate of the value of the parallax

(8" '85) by it. The truth is, modern astronomy pos-

sesses indirect means of finding the Sun's distance,

such as that from the velocity of light and other

methods, which are now believed to be, at least, as

trustworthy as that derived from the transits of

Venus ; and it is possible that the one which we are

about to observe, and of which the reader, it is

hoped, may be an eye-witness, will be the last to

excite very general attention. Before we describe

it, let us consider a method somewhat different

from Halley's, which will be used in 1882. In
Fig. 7 we observe that of two persons, one at the

Tig. 7.—AjJiiarent Displacement o£ Venus.

North Pole of the Earth, the other at the South, the

northern one will see Venus lower down on the

Sun's disc than the other. If Venus then is cross-

ing below the Sun's centre, it would be seen from

a station at the North Pole to describe a shorter

chord in its transit over the Sun, than when seen

from the Southern ; and the apparent displacement

on the solar disc, bearing a known proportion to

the known distance between our poles (the propor-

tion is that of the distance of Venus from the Earth

to her distance from the Sun, and these projwrtions,

it will be remembered, are known already), we
thus, again, have a measure of the solar distance.

This is still further shown in Fig. 8, where the ap-

proximate apparent size of the planet on the Sun

is given by the round black spot, the direction of

its motion by the arrow, and the paths in which it

will seem to cross to a Northern and a Southern

observer are roughly indicated by the dotted lines.

Fig. 8.—Path of "Venus on the Sun. Transit of December 6, 1882.

Of course, there is no need of attempting to reach

the Earth's actual poles, though it is well to have

stations as far apart as is practicable.

All the phenomena of the planet's entrance on

the Sun's disc can be witnessed by the residents of

n

Fig. 9.—Earth as seen from Sun, December 6th, 1882, at beginning
of the Transit. (After Proctor.)

the British Islands, and of the Eastern United States,

as the two following illustrations (from Mr. R. A.

Proctor) will show. Fig. 9 shows the appearance

of the Earth as seen from the Sun on the 6th of

December, 1882, at the time when the planet is

first entering on the disc. It will be noticed that

the British Islands are just about to pass out of
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view, as the globe turns from left to right, as shown

by the arrow ; in other words, the inhabitants of

Great Britain will see the planet enter just before

theiz' sunset, and then lose sight of Sun and planet

together. Those living in the Canadas, the Eastern

United States, and South America will not only

see the beginning (Fig. 9) some time after their

n

Fig. 10.—Earth as seen from Sun, December 6th, 1882, at end of
Transit. (After Prodor.)

sunrise, but will witness the whole phenomenon to

its close (Fig. 10), at which time the eastern and

western coasts of America are both still in view

from the Sun, and the Sun, with Venus upon it, is

equally (of course) in view from such cities as New
York, or Montreal, or San Francisco. The figures

upon the globe in each illustration show how much
in time the ingress of the planet upon the Sun, or

its egress from the Sun, are accelerated or retarded

to observers at different points by the cause which

we have explained in speaking of Halley's method.

The value of the parallax already given (8"-85)

is, no doubt, very nearly correct ; but we believe

the general opinion of astronomers now favours a

somewhat smaller one, or something between this

and 8"-80. If we take 8"-82, which corresponds to

a distance of 92,700,000 miles, as the most likely

value, we may conclude that it is not probable that

asti'onomers in 1882 will alter it by more than
0'''01 either way; and this angle corresponds very

nearly to that filled by the apparent thickness of a

Juiir, seen at the distance of one mile ! Such is the

delicacy of the problem whose determination will

fall largely to the lot of American observers in

1882. Horrocks, the young astronomer-divine,

who was one of the two known observers of the

first recorded transit, had to regret (as many of his

countrymen will in 1882) that the phenomenon was

but partly visible to England. It was fully visible

to then savage America, and in his account of the

transit he could not help bursting into lamentation

over the fact that such an opportunity would be

wasted on barbarians.

How brief the interval seems since he wrote, as

measured on the celestial dial, and how vast the

change, as measured in the lives of men ! Three

times only has Venus since passed before the Sun,

yet Crabtree, who observed with Horrocks, is be-

lieved to have died on the battle-field of Naseby,

on a day fruitful in consequences to the principles

of those Pilgrim Fathers of America, who carried

some of England's best minds and morals to those

savage coasts. Yet on the shores of the New
World, in our own time, observations of the

delicacy just described, and possible only to our

latest civilisation, will be made upon the transit of

Venus of December, 1882.

THE PHOTOPHONE.
By William Ackroyd, F.I.C., etc.

rpHE last decade (1870-80) has been a pre-emi-

nently lucky one, so far as scientific revelations

are concerned, and to the long list of valuable

discoveries made in it we have now to add the new
order of facts which has been disclosed to us by
means of the photophone, an instrument which
enables one to transmit speech by means of sun-

beams. The evolution of the instrument has been
singularly rapid, as the primary fact which led to

its invention was discovered only a few years ago at

Valentia Bay. It happened in this wise. The
well-known electrician, Willoughby Smith, required

some substance which offered a high resistance to

the flow of electricity for use in testing at the shore-

end of submarine cables, and for this purpose he em-

])loyed sticks of the metal selenium in glass cases.

The resistance of the material was found, howevei", to

be very variable, from some, up to then, unknown
cause, as at one time one of these sticks would be a

very bad conductor, and then unaccountably become
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a comparatively good conductor. Thus if Se (Fig. 1

)

represent the stick of selenium in its glass case,

with platinum wires inserted at each end, it presented

the remarkable phenomenon of allowing electricity

The Sensitive Stick of Selenium.

to pass through it with varying amounts of facility.

It was now found by Mr. May, Mr. Smith's as-

sistant, that the light falling on the bar of selenium

was the cause of this extraordinary variability ; a

stick which offered a certain resistance to the flow

of the current in the dark only offering one-half the

resistance in daylight.

When this uniqvie fact was made known, it

became the subject of investigation by very many

Fig. 2.—A Selenium Cell.

physicists, and we have had occasion to refer before

to it,* when we pointed out that ciystalline

selenium—that is, selenium which has been well

roasted and then slowly cooled—is a better con-

ductor imder the influence of light than it is in the

galvanometer in showing the action of light on

selenium ; but it was very apparent that before this

could be managed some means would have to be

devised for rapidly varying the quantity of light

falling on the sensitive substance. The reason is

plain. A telephone only emits sound when a

rapidly variable current of electricity is passing

through it, and consequently no sound would be given

out so long as the regular current from a battery

(Fig. 2, b) passed through the telephone in unvary-

ing strength continuously and steadily. Therefore

to make a telejAone (t) give out sound owing to

the action of light on the selenium at »S'e, it was

plainly necessary to rapidly vary the quantity of

light falling on Se, so as to produce a rapidly

variable current passing through the telephone (t).

Now this conception seemed to open out extra-

ordinary possibilities. Thus it was apparent that

the necessary variation in the quantity of light

falling on the selenium might be produced a very

great distance away
;

that, in short, various sounds

might be impressed on sunbeams travelling with

marvellous rapidity, to be re-converted into sound

by the selenium receiver, or " cell," a long way off.

An arrangement for this purpose, which was suc-

cessfully worked by Bell and his friend Smnner-

Tainter, is shown in Fig. 3, Sunlight was reflected

in the proper direction by a mirror (m), and then

converged to a focus by means of an achromatic.

5. 3ns (I). At the focus there was placed a revolving

disc (a b'), perforated with about forty holes, so that

when the disc was whirling round there was alter-

nate light and darkness beyond the focus. The

Fig. 3.—A Sonoriferous Beam of Light.

dark, and we also explained that a galvanometer

had to be used in demonstrating the action of light

on this peculiar element. It occurred to Graham
Bell, the famous Scoto-American investigator, that

one might possibly use the telephone instead of the

* " Science for All," Vol. Ill, p. 58.

rays were now parallelised by means of a second

achromatic lens (r), and finally focussed by means

of a third (Z") on to the selenium cell (Se). The

conductivity of the selenium was thus rapidly

varied, there was a regular change from light to

darkness on its sensitive surface, and a change
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produced in it corresponding in frequency to musical

vibrations, and a musical note was emitted by the

telephone (t). There was thus devised a remark-

able sound producer, partaking of the nature of the

Siren * in its revolving perforated disc, and of the

Savart's wheel t in the periodic rapping of ether

waves against the selenium cell, but difiering most

markedly from both in that the active agent was a

sunbeam, and the sound-effect depended upon the

rapid variation of an electrical current.

Simple as all this may seem, certain practical

discoveries were required to be made before such

experiments could be satisfactorily performed. Any
one who has worked electrically with selenium is

aware of the enormous resistance it ofl'ers to the

flow of an electrical current ; he has a vivid recollec-

tion of the hours he has spent over the hot-air bath

while " cooking " his selenium, to make it crystal-

rig. 4.—The Sensitiveness of Selenium to Light.

line and better conducting, and probably after all,

when the selenium has been placed in a dark box

(Se, Fig. 4) and joined up to the battery (6) and

galvanometer ((?), the beam of lighb reflected from

within the galvanometer on to the scale has been

scarcely moved when the light from a candle

(c) has been allowed to fall on the selenium

by lifting up the lid of the dark box. It

was necessary, therefore, to have a handier

way of cooking the selenium ; it was neces-

sary, moreover, to devise more sensitive or

better conducting cells than had hitherto been

used. Messrs. Bell and Tainter overcame

these difficulties, for they managed to pre-

pare their selenium in a few minutes, and
by employing brass instead of iron and
platinum in making selenium cells, as

been done by px-evious investigators, they

duced their resistance enormously. We
not describe these cells minutely here, as it

will suffice for our purpose to point out that they
consist essentially of arms of brass (Br, Br, Fig. 2)

* " Science for All," Vol. II., p. 304.

t " Science for All," VoL II., p. 303.

SO arranged that a cuiTent of electricity can only

flow from one arm to the other through a thin him

of intervening selenium {Se). Their very sensitive

selenium cells were now j)laced in the focus of a

lens or paraboloi<lal reflector, with such results as

we shall presently describe.

We have seen how a musical note could be pro-

duced by rapidly intermitting the light falling on

the selenixim, and Bell now felt convinced that

speech also could be conveyed by means of light,

for it seemed to him not at all improbable that

light might be made to influence or vary the current

of electricity passing through the selenium, just as

sound-waves are made to influence or vary the

current of electricity passing tlu'ough the carbons

in a microphone, and consequently, that just as

the telephone reproduces speech in the lattsr case,

so also it might be made to do it in the former.

Divination here preceded experiment. The

thing required in the first place was a

photophone, or instrument which, so to

speak, could impress upon a sunbeam the

manifold peculiarities of uttered speech,

so that the selenium receiving the altered

beam would in like manner, by its varia-

tion in conductivity, impress the current

passing through it in such a way as

to cause the telephone in circuit to give

out similar sounds to those Sjjoken into the

photophone. Messrs. Bell and Tainter devised

about fifty different forms of apparatus for this

purpose, and they were able by means of them to

control or modify a sunbeam at any accessible point

of its path. One of these forms of apparatus will

had

I'e-

shall

Fig. 5.—One form of Photophonic Transmitter.

be readily understood on reference to Fig. 5. A
thin metal grating of fine parallel slits (a) was
attached to a diaphragm, which could be set vibrat-

ing by speaking into the tube, and it will be

understood that this vibration gives the grating a

to-and-fro, or backwards-and-forwards motion, pre-

cisely similar to the motion given to the style

attached to the diaphragm of a phonograph. A
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second grating of parallel slits (b) was now placed

behind the first in the position of the dotted lines.

When the grating A is at rest, an unvarying amount

of light passes through the two from a lamp in

front of them ; but when A is vibrating, and its

bars are made partly to obstruct the slits in B, it is

])lain that, under such circumstances, the amount

of light passing through the two would vary with

the tone and loudness of the voice
;

that, in short,

Fi?. 6.—Sending Speech by means of Light.

nearly every peculiarity of voice would be im-

pressed on the beam passing through the slits. If,

therefore, a parallel beam were passed through the

slits, as in Fig. 6, and such a beam were conveyed

on to the selenium cell (Se), the quantity of light

falling on Se would be ever varying while a speaker

was uttering sounds at M, and this variation would

be a definite one. Bell and Tainter found that

the observer at o, in another room, and out

of ear-shot, could make out what was spoken at

M. Gibberish it certainly was in many instances,

for this form of photophone seems to have failed

in transmitting consonant sounds; thus Sumiier-

Tainter, at M, crying out the most unlikely thing

he could think of, said, " Put me to bed," and Bell,

at o, made it out to be " Good piece of bread."

The form of photophone (Fig. 7) which appears to

glass (d) placed at the end of a tube (m). The
mirror may be silvered mica, or thin silvered glass,

placed at the end of a speaking-tube, so that it may
be set vibrating by means of the voice. Such a

flexible mirror acts as a very efficient transmitting

instrument, for when a parallel beam falls on it,

and is reflected, the quantity of light which reaches

the distant selenium receiver evidently depends

upon the state of the mirror's surface at that

moment, whether, for example, it

be convex or concave, or a com-

bination of the two.

For reproducing speech at a

distance by means of the sonori-

ferous beam, Messrs. Bell and

Tainter have chiefly experimented

with sunlight. For this purpose a

large beam (Fig. 8) is reflected by

the mirror m in the required

direction, and then concentrated

by the lens l on to the trans-

mitter or diaphragm mirror D.

At a second achromatic lens is placed for

making the rays parallel or divergent, just as

may be required, and projecting them on to the

selenium receiver a distance away. A section of

the receiver is seen at R, which is a parabolic re-

flector with a selenium cell in its focus connected

rig. 7.—A Transmitter.

give the most satisfaction is of the simplest nature,

since one may speak of it as a thin piece of looking-

Pig. 8.—Photophonic Transmission of Speech.

by wires to the telephone (t) and the battery (b).

A glass trough is placed at c, containing a solution

of alum, for the purpose of sifting heat-rays from

the beam, so as to prevent any disturbance which

would arise from heating the diaphragm-mirror D.

With such an arrangement of apparatus speech has

been conveyed beyond ordinary speaking distances,

and Bell explained to the members of the American

Association for the Advancement of Science at

Boston how Tainter and he had made a successful

experiment over a distance of about 700 feet. It

was in Washington, and Mr. Tainter worked the

transmitting instrument on the top of the Franklin

school-house, while Bell was at his laboratory in

1 32.5 L. Street with thesensitive receiver arranged in

one of the windows. While his friend was at work



THE PHOTOPHONE. 311

at the distant school-house, Bell applied the tele-

phone to his ear, and heard distinctly from the

illuminated receiver the words—"Mr. Bell, if you

hear what I say, come to the window and wave your

hat." In relating this incident subsequently to an

English audience, Professor Bell remarked that he

Fig. 9.^Photopliomc Transmitter.

toneed hardly say with what gusto he rushed

the window and made the required signal.

The transmitting instrument is shown in Fig. 9,

when they are placed in its path, so that the

selenium receiver, battery, and telephone could be

dispensed with in such photophonic experiments.

Thus, when a sheet of hard rubber, or ebonite, was

placed in the position of Se (Fig. 3), it emitted a

distinct note. In earlier experiments of this sort the

sonoriferovis beam was con-

verged on to diaphragms of

the substance placed at the

end of a tube, the other end

being applied to the ear, and

it was not long before it was

discovered that the substance

of the tube alone would emit

a sound when the sonoriferous

beam was convei"ged into one

end of it. From this it was

a natural step to converge the

sonoriferous beam into that

crooked tube, the ear passage,

and upon making the experiment a sound was

heard. Perhaps this is the most simple of all

photophonic experiments that have been made, the

and the paraboloidal receiver in Fig. 10. The pre- receiver being the ear alone,

ceding paragraph is sufficiently explanatory of the

former
;
and, respecting the latter, it will be under-

stood that there is a sensitive selenium cell in its

focus, and from this wires proceed to the outside,

and are joined up to the battery and telephone.

When new ground

Fig. 10.—Paraboloidal Receiver.

^
In the course of this investigation Messrs. Bell

and Tainter discovered another remarkable fact.

They found that a sonoriferous beam possesses the

ix)wer of causing most substances to emit sound

Fig. 11.—A Sounding Cliii>.

is opened out discoveries come thick and fast, and

Messrs. Bell and Tainter's investigation has again

exemplified the fact, for, in addition to the foregoing

discoveries, it has been experimentally shown that

solids, liquids, and gases, placed in test-tubes, are

efficient sound-producers when a sonoriferous beam
is converged on to them (Fig. 11). Chips of wood

in this way gave clear audible sounds, and even the

smoke from a cigar was an efficient source of sound.

Practical men are now asking—" What is the

use of these discoveries 1
" And, after the manner

of Franklin, one might reply by putting another

question, " What is the use of an infant '? " We
only know, so far, that we have been presented

with a new instrument which may yet be utilised

for all purposes where sunlight is employed in sig-

nalling with the heliograph (Vol. III., p. 133),

and if nothing more than this is done a vast

amount of labour will be saved in the future,

because in photophonic, as in telephonic, communi-

cations, it is not necessary to learn any code of

signals. To the less utilitarian it is already a

source of pleasure, in that it has opened out a new
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line of research of great posyibilities. We have

learnt that matter in general is susceptible of a

change when under the influence of a sonoriferous

beam of light ; and who shall say that some one of

these newly-disclosed facts may not yet form the

corner-stone of a vast superstructure of useful know-

ledge? It has been proposed to investigate the

" voice of the stars " with the photophone, and if

we should ever be so far successful as to be able to

study the superficial tremors of heavenly bodies by
means of the light they send earthwards we shall

indeed have learnt to interpret the vox stellarum

in a way no astrologer ever before dreamed of

attempting.

THE CEAG.
By B. B. Woodward, F.G.S.,

Hon. Librarian of the Geologists' Association.

EVERYONE who has visited Walton-on-the-

Naze, or Felixstowe, must have been struck

by the wonderful accumulations of shells and their

debris which in those localities go to form the low

cliffs of the coast
;
and, stimulated by the mania

for collecting that seizes every seaside visitor, has

doubtless commenced to pick up some of the more

perfect specimens. Their close resemblance, and

in most cases, indeed, identity with the shells now
living in the sea below, is at once apparent; but

the collector soon realises that the greater number

are quite rotten and readily fall to pieces when
handled, having lost all their animal matter.*

Moreover, they are generally stained a deep red

with iron oxide, or rust.

Locally, all such sandy beds containing an

abundance of shelly I'emains are known as " crag
;"

but geologists, while retaining this general term

for the whole set, have subdivided them into three

groups. To the middle one of these three the beds

in question belong, and are termed, in recognition

of their characteristic colour, the " Red Crag."

Inland, gangs of workmen will be found busily

employed in the pits dug in these shell-beds, wash-

ing and sifting the stuff from the base, and picking

out the hard, dark-brown oval lumps that shine

when freshly washed as though they had been

polished. To these oval bodies the name of copro-

lites has been applied, from a mistaken notion as

to their true origin at the time of their discovery.

In reality they are merely nodules, or concre-

tions, coiitaining so large a percentage of earthy

phosphates, that when ground down and properly

prepared they form one of the best possible manures

for agricultural purposes. On digging down into

tlie London Clay, which hereabouts underlies these

shell-beds, similar nodules will be found disposed

* " Science for AU," Vol. lU., p. 243.

in layers through the clay, after the same fasliion

as the flints in the chalk ; nor was their probable

method of formation essentially dissimilar. In

both cases a number of decomposing organisms

may be imagined lying scattered over the sea-

bottom, half buried in the soft silt, or ooze. These

formed centres of attraction, around which the

mineral matter prevalent; at the time in the water

•—phosphate of lime in the one case, silex in the

other—collected and subsequently hardened.

If the organic matter had no hard parts about it

capable of being preserved, none of course would

remain ; but frequently the phosphatic concretions

are found enveloping the fangs of sharks' teeth, or

the remains of crabs, &c. That the phosphatic

nodules at the base of the Red Crag are merely

such of these same" concretions as have been washed

out of the London Clay, and rolled on the bed of

the Red Crag Sea, is abundantly evident not only

from their identity in composition, but also because

they frequently contain precisely similar fossils.

A cursory glance at a freshly washed heap will

show that mixed with these nodules are the almost

perfect ear-bones of whales, together with fragments

of other cetacean bones and pieces of wood that

were in like manner fu'st phosphatised and then

rolled on the sea beach. Subsequently many of

them lay at the bottom till they were covered with

barnacles, traces of which may still be seen adher-

ing to them. In the process of sifting and washing,

the workmen constantly come across the teeth of

sharks, sometimes as well preserved as though

fresh from their original bed of the London Clay.

These and the other small fossils they carefully

pick out and sell to local collectors and casual

visitors. Less frequent, but still tolerably abundant,

are the molar teeth of the mastodon, rhinoceros,

tapir, hipparion (a fossil relative of the horse),
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and other animals of the old land surface (or

possible lacustrine deposit) which preceded, and

was broken up by tlie advancing waters, its contents

being scattered over the floor of the sea.

Another formation must likewise have been

almost annihilated by the encroaching sea, for

thrown out from the nodule heap are some round

water-worn sandstones, externally looking very like

rough-skinned potatoes, but which when broken

open are frequently found to contain the casts of

shells and other fossils. The shell has disappeared,

leaving a hollow space, whence the name " Box-

stones," applied to them by the quarrymen. It

would appear that these box-stones are the remnants

of an older crag than any yet found on the English

coast, and the equivalent, probably, of a stratum

situated on the other side of the German Ocean,

near Antwerp.

To complete the list of heterogeneous materials

congregated at the base of Red Crag, it is necessaiy

to add the large flints derived from the neighbour-

ing Chalk, occasional nodules fi"om the Lias, and

boulders of rocks foreign to the locality, that can

only have been floated thither from long distances

on ice rafts.

This flotsam and jetsam from so many formations

cleai'ly indicates what an enormous amount of wear

and tear must have taken place before the depo-

sition of the overlying shell-beds, and points

strongly to a shallow, tidal sea as the principal

agent of destruction and re-deposition : a conclusion

which is yet further borne out by the succeeding

shell-beds. For the flat pieces of shell do not lie

horizontally, but in sets of parallel layers, inclined,

now at one angle and now at another, to the

general direction of the beds themselves.

This phenomenon is known to geologists as " false

bedding," and has been produced by the cross-

currents in the water flrst heaping the fragments

up in one direction into banks, or perhaps beaches,

and then sweeping half of them down, and piling

them up afresh in another direction ; at one time

cutting channels through the banks thus formed,

at another filling these channels up again.

At the same time, the oblique bedding is some-

times continuous for a considerable distance through-

out a given bed. Towards the close of this period,

however, there are evidences of a more tranquil

state of aSairs, as the component layers of the bed
assume the normal, i.e., horizontal position.

The shells of which the beds seem in places to

be almost entirely composed are, as already stated,

in a most friable condition; nevertheless, by

184

searching amongst the fallen debris, or " talus," and

by digging out masses at a time of the stuff from

the sides of the section, be it pit or quarry, some

tolerably well-preserved specimens will readily be

obtained. Of these, almost the first to attract

notice is the well-known "reversed whelk" (Ficsus

contrarius), as it is called, since in this shell the

whorls are wound in the opposite direction to that

which usually obtains in the whelk trilje, the

mouth appearing on the left-hand side of the spire,

when viewed in front, instead of on the right.

This species or variety, as some consider it, thougli

rare now-a-days, was extremely abundant in Red
Crag times, especially at Walton-on-the-Naze, where

the dextral form is unknown. These left-handed

whelks have, curiously enough, always a smooth

exterior, whereas the right-handed ones are as a

rule more or less sculjDtured or ornamented. The
lesser members of this large family, the dog-peri-

Avinkle [Purpura) and the dog-whelk (JVassa),

are extremely abundant. So, too, are the Naticas;

but the chief of the Red Crag Gasteropods is un-

doubtedly the huge volute
(
Valuta Laniberti), an

extinct shell, that attains the length of seven, and

sometimes even nine inches.

Amongst the bivalves the Cockle family is well

represented, as are also the Tellinas, whilst a

sjiecies of Pectunculus (P. glycimeris) is very

plentiful. In all, some 230 difierent species of

shells have been found in the Red Crag, and out of

them only sixteen are extinct. They are of a littoral

or shore character, and betoken a climate somewhat

warmer than that now prevailing in this spot.

Leaving Felixstowe, and proceeding up the

River Deben to Sutton, an altogether diflferent

kind of crag will be found. From Sutton it ex-

tends to Gedgrave, and thence to Aldeburgh (or

Aldborough), being best shown in the district

between these two last-named places.

In general this crag is of a yellowish or buff'

colour, and has, therefore, in contradistinction to the

foregoing, been termed the " White Crag," but it is

more commonly known as the " Coralline Crag," be-

cause, instead of fragments of shell, it is largely built

up of the remains of those beautiful little organisms

called Polyzoa. At Sutton it has been seen resting

on the denuded surface of the London Clay, in

the same way as the Red Crag farther south. The

same phosphatic nodules occurred here at its base
;

but they were not so numerous, and did not pay for

the working, which was consequently abandoned.

From this nodule bed a large block of red porphyry,

weighing nearly a quarter of a ton, was dug out.
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Since no analogous rock of this description has

been found in the British Isles, it may fairly be

assumed that it was transported thither by floating

ice from a foreign shore—possibly Scandiuavia

—

and deposited in company with many smaller

boulders derived from rocks nearer home.

Tlie connection between this crag and the pre-

ceding is shown in numerous cuttings, the latter

in every case being the uppermost. Not that the

succession was a quiet one ; on the contrary, the

tiirbulent Red Crag sea cut and carved channels

and gullies in and about the coralline beds, after-

wards filling them itp with the newer material,

through which the fragments of the coralline are

disseminated.

When undisturbed, the Coralline Crag is about

fifty to sixty feet thick, and proves on investigation

to be divisible into three series. At the base is a

set of calcareous sandy beds full of fossils, here and

there very perfect, the pairs of the bivalves remain-

ing united. Then there comes a harder lot, con-

sisting mainly of the calcareous skeletons of Polyzoa

firmly cemented together, so as in places to form a

.soft building stone. False-bedding is a constant

character, showing that they were laid down in

shallower and more restless waters. Finally,

another bed, only a few feet thick, made up of the

abraded material of the last, crowns the summit.

Upwards of 300 species of shells have been collected

from this crag, but of these a little more than

half are now extinct. Amongst the more common
forms are observable Pectimculus glycimeris, the

smaller edible scallop (Pecten oj^ercidaris), several

pretty species of Astarte, and a handsome Gyprina,

along with key-hole and notched limpets and

many other familiar shells.

The Polyzoa are so abundant in some of these

beds, and more especially the middle division, that

an hour may readily be spent in sifting out a cubic

foot of the earth. They are not, as one would at

first suppose, jiidging from their external form,

allied to the corals, but to the mollusca, being,

indeed, colonies of little animals closely related to

the Brachiopods, or Lamp-shells.* They form most

beautiful objects vmder a low power of the micro-

scope, and a few hours out of a summer's holiday

spent in collecting them will furnish material for

many a long winter's evening of enjoyment. Nearly

a hundred species have been found in the Coralline

Crag, and out of this number about thirty are still

living. From a study of the fossils and the nature

of the beds themselves, it would appear that the sea

* " Science for All," Vol. I., p. 67, Fig. 5.

in which they lived was at first tolerably deep (about

thirty-five to forty fathoms), but that it gradually

became shallower till it changed into the littoral

sea of the succeeding Red Crag period; whilst at

the same time the climate, comparatively a warm
one in the commencement, was gradually cooling

down.

Quitting the district round about Aldeburgh, and

journeying northward into Norfolk, both these crags

disappear, and their place is taken by a series of

sands, laminated clays, and shingle beds, with

occasional seams of shells. Endless geological

disputations have arisen, and interminable "papers"

have been written, about these variable beds.

Nevertheless a certain amount of order has at

length been evolved out of their confusion, and the

" Norwich Crag," or " Laminated " Series, is now
divided, like the Coralline, into three groups.

Beginning with the lowest : at the bottom come

some false-bedded sands, with seams of shells sepa-

rated by a layer of flints from the underlying chalk

—for the London Clay had been denuded of this

spot long before the Crag beds were laid down.

This bed of flints, called the " Stone bed," corre-

sponds in position and is analogous to the nodule

bed at the base of the other crags. Amongst the

rough stones are distributed fragments of the bones

and teeth oi the mastodon, hippopotamus, rhino-

ceros, stag, horse, ox, and other animals.

The shells in the Norwich Crag are not so

numerous, perhaps, as in the Red and Coralline

;

still 140 species have been determined, including

seventeen now extinct. Periwinkles, cockles,

dog-periwiiikles {Purfurob), some Tellinas and

mussels are amongst the commoner forms,

indicating a more northern, or colder climate.

They must have lived in the sandy bays of an

estuary, or collection of small estuaries into which

rivers flowed, for a number of species of land and

fresh-water shells have been found associated with

the littoral forms, whence the name " Fluvio-

marine " has also been applied to this crag. That

the deposition of these strata was, in part at all

events, contemporaneous with that of portions of

the Red Crag is manifest, because the succeeding

middle group of the " Norwich Crag " series rests

on the eroded surface of the latter in some places,

and on that of the still older Coralline in others.

The Chdlesford Sands and Clays, as this second

set is called, take their name from the village near

which they ai'e best developed, and where they

yielded the greater part of the skeleton of a whale.

The few shells they contain show a further increase
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in Arctic forms, and conseqiient decrease in

the temperature of the water ; whilst their more

tranquil deposition (the layers being horizontal)

and comparatively wider extension indicate the

further encroachment of the sea. A partial erosion

of the Chillesford beds appears to have taken place

before the ujiper series of shingle or pebble-beds

("Westleton and Bure Valley Beds) were thrown

down on them. Considered by some authors to

belong to the glacial period, these shingle-beds are

classed by them with that wonderful series of drift

deposits which mask so large a surface of the

country. No more complicated strata are probably

Frontispiece to Vol. I., the drift-beds will be seen in

theii- proper place at the top of the ideal section

there de2)icted, and underneath them the formation

called " Pliocene," which in England consists

entirely of the crag-beds just described. The next

formation in descending order is the Miocene, and

below that, again, is the Eocene, to the lower half

of which the London Clay belongs ; so that several

hundred feet of strata are entirely wanting between

the crags and the rocks on which they rest.

Some faint notion of the enormous length of

time that must have elapsed during the period and

a half thus recorded in East Anglia may perhaps

c c d c e

Fig. 1.—DiAaKAMMATic Section to show General Arrangement and Order of Sdperposition op Strata tn East Anglia.

g. Drift Beds; /, Chellcsford Beds; e, Norwich Crag; d. Red Crag; c, Cnralline Crag; x, "Nodule Bed ",and " Stone Bed ;"

ii.Lower Eocene ; a. Chalk.

to be found anywhere than these traces of former

Arctic conditions in Britain ; but their history has

already been sketched out in these pages (Vol. I.,

pp. 33—40 and 69), and need not, therefore, be

repeated here. Perhaps a general notion of the

relation of these beds to each other may be best

gathered by a reference to the accompanying

diagrammatic section (Fig. 1).

Such, then, in brief, are the principal facts con-

cerning the crags as they now exist ; but what is

their connected histoiy, and what their true rela-

tion in the geological sequence to the London Clay

and Chalk, on the denuded surfaces of which they

resf? In the view of a quarry section (Vol. I.,

p. 65) we have a diagrammatic representation of

the sort of beds that exist between the Chalk («)

and the London Clay (7t), a small portion of which

is shown " faulted down " against the others.

Where, therefore, the crag-beds rest directly on

the chalk, it is evident that such of those inter-

vening beds as were deposited on that spot must

have been destroyed and carried away, and the

hiatus thereby still further increased. Over the

London Clay, and resting unconformably on it, are

two drift-beds (i and k). Now the crag series, as

was seen, passes gradually up into the drift-beds, so

that if inserted in their proper place in the quarry

section they would come immediately below them,

and still rest unconformably upon the London Clay.

On referring to the table of strata shown in the

be gathered if, by way of conclusion, we give a

short summary of the events that, judging from

deposits in neighbouring areas, must have taken

place over this district. The London Clay, it is

agreed, is the accumulated sediment of a large

river that brought its tons upon tons of mud
annually down to the sea, just as many rivers are

doing at the present day, and spread it over the

bottom of the huge estuary which then occupied

the whole of what is now the south-eastern portion

of England. That the river drained a warm con-

tinental country is abundantly proved by the palm-

nuts and other fruits which floated down it, and,

becoming water-logged, sank at its mouth, as well

as by the remains of river-tortoises, crocodiles, (fee,

associated with them. Gradually, however, the

physical conditions altered, and a sandy deposit

ensued, the sea meantime swarming with shells of

a tropical charactei". Considerable patches of these

sands remain in the neighbourhood of Bagshot,

Surrey, whence they take their name ; whilst the

hills of Harrow and Hampstead, and the high

grounds beyond Epping, in Essex, are capped by

small detached portions. They stretched, too, over

the South Downs into Hampshire, where they are

found again, the intervening district being strewn

with the harder fragments (Sarsen stones) that

defied the powers of denudation to wash them away.

Though the old river made its influence less felt

for a time, still it was assuredly not far distant, for



316 SCIENCE FOE, ALL.

the succeeding deposits, which are confined to the

Hampshire basin, and are familiar to every visitor

to the Isle of Wight, show a return to more purely

estuai'ine, varied with fluviatile conditions, and with

these the Eocene period was brought to a close.

Altogether these middle and upper Eocenes amount
to some 1,500 feet of strata, and must have

required considerable time for their formation. Of
the ensuing Miocene epoch, on the other hand, but

the scantiest vestiges remain in the British Isles,

and yet, as will presently be seen, it was in every

respect an important one. If the whole of the Isle

of Wight beds be relegated to the Eocene, there

are but three small isolated patches of leaf-beds

and lignite-beds left to represent this period. These

remains of ancient forests are situated, one at

Bovey Tracey, another at Antrim, and a third

in the island of Mull; whei"eas, on the Conti-

nent considerable accumxilations of fossiliferous

strata were in course of foi'mation, but whether

any similar deposits were ever laid down in these

islands is very doubtful ; at all events, no trace of

any such has yet been found. It is certain, how-

ever, that active volcanoes were plentiful both in

these islands and on the Continent. Indeed, the

Antrim and Isle of Mull leaf-beds owe their pre-

servation to lava-flows, which, while they destroyed

the forests, buried and preserved their i-emains.

In size, these old volcanoes of Ireland and Scot-

land must have rivalled, if not surpassed^ Etna, but

nothing now remains of them beyond the roots. The
craters have long since been washed away and dis-

appeared, and the hard crystalline rocks of their

deep-seated bases form some of the highest portions

of the present land-surface. At this stage of the

earth's history, too, widespread movements of the

crust took place. The Alps, Pyrenees, Carpathians,

and Himalayas received their final elevation
;

whilst in England the chalk and its superincumbent

Eoceue beds were thrown into those folds out of

which subsequent denudation carved the North and

South Downs and the range of chalk hills to the

north of London, stripping ofl;' the tertiary beds in

the process. Nor were these changes efi'ected by

sudden or convulsive movements. Spread over cen-

turies, during the greater part of which England

was above water and exposed to meteoric agencies,

they were brought about by the same quiet pro-

cesses that are in progress at the present day.

With the advent of the Pliocene period a depres-

sion took place over the area now occupied in great

part by the German Ocean, and in the sea thus

formed the crag-beds were thrown down : first, those

near Antwerp, and then the ridge of Coralline Crag.

The temperature of the water was favourable to the

growth of more southern forms of mollusca than

now dwell on the spot, and the sea was probably

more open to the south ; but in the spring-time the

ice floated down from the north, bearing with it

boulders of foreign rocks, which, on melting, it

dropped to the bottom. Then, by slow degrees, the

land rose again to the south, the sea extended to

the north, letting in more cold water, and the

ridge of Coralline Crag approached the surface. To

the south of this bank the now shallow sea piled

up the shells of the colder Red Crag period ; whilst

on the northern side, in the sandy bays of an

estuary, or collection of estuaries, the Fluviomai'ine

Crag was forming. But once more the sea claimed

its own, and with temperature yet further lowered,

crept southward, spreading out the Chillesford

sands and clays over the other deposits. Finally,

a further depression ensued, ushering in that pro-

longed Glacial Epoch and its attendant phenomena,

of which every one has heard so much, but in I'eality

knows little.

GERMS.

IF we ])ut into a pot of water a small piece of

flesh, and leave it exposed to the ordinary air,

we shall find that after a day or two the top of

this water is covered by a greyish film, and if we

smell the water we shall find it to be what we

call " putrid we shall say, " This meat is going

bad."

By F. Jbffeey Bell, M.A.,

Profes or of Comparafive Anatomy in King's College, London.

Perhaps the most intelligent question which can

be asked by one who has made this experiment

would be put in something like the following

terms :
" We know that this piece of flesh in the

water was once part of a muscle ; we know that in

muscular tissue certain activities are, during life,

to be observed, which, so far as we know, are
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characteristic of muscle ; we have seen it contract

under the excitation of certain nervous influences,

and we have seen that that contraction is very

different in character to the contractions of cooling

bodies. Is, pray, this ' going bad ' a characteristic of

dead muscle 1 I should hardly imagine it to be so,

for I have smelt dead decaying vegetables. But is

this 'going bad' a characteristic—to put the matter

much more generally—of nratter which is now

dead, but which was once living 1

"

To such a question many would give but one

answer : they would say, " Yes, of course ; all living

matter decays when it is ' dead.' " But the veiy

vagueness of this answer might of itself excite

suspicion. Ignorance has recourse always to bold

generalisations ; science alone bases its answers on

a counter-statement of facts.

Suppose, then, such an answer given, and suppose,

also^ that the questioner has a more scientific

habit of mind than his answerer—and this is not

hard to suppose, nor will it fall beyond the ex-

perience of most of us ; and it is true, at any rate,

of Science, who
" Reaches forth her arms

To feel from world to world, and charms

Her secret from the latest moon."

Supjjose it true of our inquirer, and that he, with

his attention attracted by the film of which we
have just spoken, brings some of it on a glass

slide under the inspection of a fairly high magni-

fying power. Is it then that he still sees any sign

of death 1 Far from it. He will probably see

something not unlike that shown in the adjoining

figure : minute particles, perhaps in active move-

ment, rushing towards and rapidly separating from

one another. He will see enough to induce him
to believe that he is in the presence of living

matter

Fig. 1.—Bacterium termo
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rium) particles

{Fig. 1) thus exhibited to him, he may see in them
the leading characteristic of life—reproduction of

the individual ] if he carry on a series of experi-

ments he may see that they use up the nutriment

in the water ; and he may, again, see them die

down.

So far, then the observer would be justified in

associating the present case of the decay of the

piece of meat with the presence of the Bacterium ;

but he would not be able to generalise upon his

present knowledge. Before he could do this he

would have to make two other series at least of

experiments.

(1.) Remembering the observation of the Strong

Man of old on the dead carcase of the lion, he might

say with him that out of his meat there had come

this living matter ; the Bacteria, he might say,

were generated by the meat, just as Samson's lion

brought forth honey. Well, gi-anting this : suppose

he applied to the meat the best way of killing

the living matter within it—no mode is better than

that of long boiling. Let then the meat in the

water be boiled well, and let it be kept from all

external influence, so as in no way to affect by any

outside means the results of the experiment. Look
at the water after a week, or, if you will, after a

year ; the water will still be clear, there will be no

film nor any smell of decaying matter.

(2.) If, then, the origin of the Bacteria is not to

be sought for in the meat or the water of itself : that

is to say, neither in water nor meat in which all

the living matter existing in it up to the time of

the experiment has been destroyed by boiling, let

us try another simple experiment, and see if the air

itself has anything to do with the matter. Open
your flask of meat and water which has been so long

clear, and expose it, even for a little, to the air.

This experiment will not have negative results,

like the one tried before ; in a day or two there

will be all the signs and smells of decay, the

existence of a film, and the presence in that film of

Bacteria.

The air, then, has something to do with the

decay of the meat : and yet it can hardly be the

air itself; this, however, must be tested, and if a

small chemical laboratory be at hand, no difficulty

%vill be found in making the experiment. All that

one would have to do would be to prepai-e a flask

of meat and water, to boil the infusion so as to

kill all living matter within it, and draw into this

tube air filtered through cotton-wool, or, better

still, through cotton-wool that had been dipped in

glycerine. A more elaborate experiment might be

made (but this woiild be much more difficult), in

which the air would be so thorovighly heated as to

kill anything in it which might be living ; were

this done, the cotton-wool might be dispensed with.

Take, however, the easier case, and draw air simply

through the tube with the cotton-wool in it, or, in

other words, introduce into your flask of meat and

water nothing b\it air proper : the mechanical com-

pound, that is, of nitrogen and oxygen
;
here, again,
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you •will, if your experiment be completely carried

out, get no putrefaction.

It is not, then, the air proper which produces the

decay in the meat.

But ordinary air is by no means air proper
;

it contains a number of impurities, and the air of

all cities always contains a quantity of almost

measurable particles of dirt. With this dead dirt

we are now almost compelled to believe that small

particles of living matter are associated. These

small bodies coming into a fluid rich in nutrient

matter—as is that with which we have been ex-

perimenting—-grow up in it and at its expense.

To these small bodies it is now the universal

custom to attach the name of " Germs."

Before proceeding to a fuller account of the

germs and their offspring, we have to direct atten-

tion to a general law, which we shall now willingly

accept. This law, which has been formulated by

one of the most eminent of investigators in this

depar'tment of knowledge, and, indeed, one of the

most eminent of botanists. Prof. Oohn, of Breslau,

may be thus definitely stated :
" Putrefaction is a

concomitant, not of death, but of life." In other

words, get rid of your Bacteria and you get rid of

decaj^ Even before this law was stated, the

results, gained unconsciously by experience, had

been used by many. To these we will shortly

return; for the moment it is of greater value to

show how the clear understanding and the logical

following out of scientific experiments may lead

to results of the very highest value to the

human race. The experience gained has led to men
making money, and to the cheapening of food ; the

scientific deduction has led to what is for some

among us the highest object of their aspirations

—

the lessening of human suffei-ing.

It is, unfortunately, a matter of common enough

knowledge, that after a surgical operation the

wound remains sore, and abscesses are very apt to

appear. Whei-e a number of patients are gathered

together, as in the wards of a hospital, the sores

and abscesses are often very considerable. Further-

more, the worse the air, the more frequent the

sores. In the country hospital, these sequelce, of

surgical ojserations are less virulent and less fre-

quent. Now it is obvious that for all practical

purposes, at any rate, the tissues of an open wouiid

are on the very verge, as it were, of death. There

may be dead tissue round about, still connected

with the rest of the body, but yet shut off from

the influences of the blood-supply. With this con-

sideration, we have to associate the fact that the

more impure the air, the more frequent the after-

sore ; and, further, we have learned that in ordinary

cases of impurity in the air the number of Bacteria

germs therein floating is greater than in purer

country air.

It was a series of considerations of this character

which led Prof. Joseph Lister to the adoption of a

systematic attack on the Bacteria. Other surgeons

had unconsciously done a good deal to counteract

the effects of the floating germs ; but to Lister it

was reserved to place the treatment to be followed

on the definite basis of scientific facts, and the

logical deduction of operative principles. This

mode of attack, which in this country is known as

" the antiseptic treatment," and in Germany, where

it has been universally adopted, as " Listerismus,"

consists essentially in treating the germs with a

spray of carbolic acid : the wound and all the

instruments and di-essings which shall touch it are

brought iTuder the influence of this powerful

poison. The results obtained by the complete

following of Lister's treatment put the question

of the influence of Bacteria on dying parts beyond

the range of criticism. More than that, it is

creditably reported to diminish the pains, as well as

the length of the time during which the patient has

to remain under the care of his surgeon.

The history of this discovery and treatment has

been, of set j^urpose, very briefly treated ; to have

done so more fully would have been to depart fi'om

the aim of these pages. Still, enough has been

said to direct our minds to this important fact, that

blind trials to overcome nature, such trials as those

of the earlier surgeons, are less likely to succeed

than those which start from a definite series of

observed facts, and have their direction impressed

on them by general conclusions drawn from these

facts. To overcome Nature, we must first get

at her secrets — play the Delilah to her

Samson.

If we turn from man to the domesticated animals

that live with him, we shall again see what value

scientific research into these problems has for the

agriculturist, and, indeed, for society in general.

Sheep and oxen, in various parts of Europe, are

at times infected by a disease which is known
shortly as the "anthrax," or as "si")lenic fever."

Without going into any account of the effects of

this fatal disease on the organs of the animal in-

fected, we can measure its efiects on the farmer by

an appeal to statistics. In one small Prussian

district £9,000 was lost by the death of sheep

from this disease ; in three years, the district of
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Novgorod, in Russia, lost 56,000 horses and cattle,

and 528 human beings.

It has been difficult to know how to combat this

terrible plague, the

sole cause of which

is the littleBacillus

(Fig. 2). One ob-

server. Dr. Koch,

could think of

nothing less radical

than the utter de-

struction of all

bodies which con-

tain the germs of

this peculiar Bacte-

rian form, and

what means have

been taken to pre-

vent it have been

costly and difficult.

The observer just mentioned. Dr. Koch, has done

much to investigate the life history of this form,

and this we must know before we can fully com-

prehend the real bearing of what will follow.

If a small quantity of fluid containing these

Bacilli be injected into the system of, say a mouse,

the spleen will become enormously swollen, and

will be found to contain a number of crystalline

rods (Fig. 2). JSTow, if the mouse be killed, the

Pig. 2. -Bacillus anttiracis. (After Kocli.)

6c, Blood corpuscles.

distinctly shown that the fibres, as compared with

the spores, are harmless. Let these remain dry for

years, in decomjjosing fluids for months, be re-

peatedly dried and as often wetted, still do the

spores retain their baneful influence on living

animal fluids. A wound, however slight, is suffi-

ciently large to allow them to enter. Use cotton

wool to soothe a burn, and, perhaps, you are

applying to yourself the seeds of the disease that

will kill you ; bathe in a stream in which they are

resting, and a scratch will offer them a way into

your system."*

This, then, being the history of these forms, it

is easy to imagine that many earnest investigators

have directed their attention to its more com-

plete study, and especially to some discovery cf the

means of prevention. Witliin the year 1880 the

efforts made by the illustrious French naturalist

Pasteur, and by M. Toussaint of Touloxise, have

been crowned with a measure of success. They

have both used what is technically known as the

method of inoculation, and, as we know, the process

of vaccination, as carried on for ourselves, belongs

to this kind of treatment. One of the series of

exf)eriments performed by M. Toussaint was of the

following character, and it will serve us as a sample

of the rest. Blood was taken fi'om a dying sheep,

mixed with water, and then passed through a

number of sheets of ordinary filtering j^aper
;
now.

Fig. 3.—Spore roEMAiiON in Bacillus. (After Exoart.)
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rods will be found to grow and to divide, and

within the rods small bright granules will be found

to develop. These are the spores of Bacillus (Fig.

3). Under suitable conditions of nourishment, the

spores elongate and gradually develop into rods.

The dangerous character of the spores will be

imagined from the fact that they have been found

to retain their fatal influence for at least four years,

while the elongated fibres die down to within a few

weeks. To quote the words in which the present

writer put Dr. Koch's account of the matter :
" It

is a subject for congratulation that Koch has so

as it happens, the Bacillus of anthrax is much
larger than the common Bacterium termo ; it is large

enough, at any rate, to be held back by the meshes

of the paper ; so that all that passes through the

filter is a solution of blood which has been subjected

to the action of the Bacillus. If now a quantity of

this blood, which we may justly assume to have

been altered in character, since the Bacillus lived in

it and at its expense, be injected into a blood-vessel of

a healthy sheep it will have what we may (for present

* " Quarterly Journal of Microscopic Science," Vol. XVII.,

p. 91.
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convenience) call a vaccinating influence. In

other words, after twelve or fifteen days the " in-

oculated " sheep will be found to be secure against

anthrax-poisoning, and may be inoculated with it

without danger
;
just as we may be subjected with-

out danger to the contagion of small-pox, after we

have been successfully vaccinated.

Thoughtful minds in all ages have been attracted

by the question which they have put to themselves :

Whence do these things come ? It is not an idle

question, although it is often impossible to answer.

It is an example of tliat ardent desire reruni

cognoscere causas, which is the very fount of all

scientific knowledge. Naturally enough men have

pondered over these minute germs again and again
;

and many whose names are held in honour have

believed that the germs with which we have been

dealing have arisen, unlike other living matter, from

dead and not from living substance. This theory,

again and again revived, has just as often been

successfully combated ; but the opponents having

worsted the foe have, after all, retired from the field

without settling the final question at issue.

Strangely enough, some light has been thrown

on the history of this anthrax-bacillus, which, in

a way, may be imagined to put the question as to

its origin at any rate, one step farther back. Dr.

Biichner, of Munich, attracted by the complete

similarity in appearance which obtains between the

Bacillus of anthrax and the Bacillus frequently

found in infusions of hay, has endeavoured, and

has succeeded in converting the one into the other

;

although there is such a complete resemblance in

appearance (morphological resemblance) there are

very remarkable differences in the activities of these

two Bacilli (physiological difierence). Thus, the

hay-bacillus has a striking power of resisting the

influence of great heat, which has a speedy mortal

effect on the anthrax-bacillus; while one lives

well in hay-infusions it dies rapidly in blood ; the

other flourishes in blood, only to die down if placed

in a hay-infusion. Both will, indeed, grow in a

dilute solution of flesh, but the anthrax-bacillus

forms a cloud at the bottom of a vessel, while the

hay -form gives rise to a film on the surface.

The first successful result that Dr. Buchner got

(and herein his observations have been confirmed

by a competent experimenter in our own country)

was that after the Bacillus anthracis had been for

some hundreds of generations subjected to a special

mode of nutrition, it became incapable of producing

splenic fever ; so far, so good ; but moi-e remains,

" instead of the cloud at the bottom of the vessel,

a scum began to mal^e its appearance—at first

greasy-looking and easily bi'oken up—constituting,

so far as appearances went, an intermediate form

between the two organisms; and in course of time

the scum became drier and firmer, and at length the

modified Bacillus anthracis ^'ds found to be capable

of growing in an acid hay-infusion, and to present

in every respect the characters of the hay-bacillus."

As to the opjjosite of this, the conversion of the

hay-bacillus into the spleen-bacillus we need only

say that, after a number of laborious and vei'y sharp-

sighted experiments and observations. Dr. Buchner

was finally victorious. And now we shall say no

more about this, but leave the reader to ruminate

over its consequences as leisurely as the cattle

ruminate over their hay.

To the diseases which ajipear to have their cause

in the presence of germs there has now for some

time been applied the technical epithet of

" zymotic the root of this word is the Greek for

leaven, and the idea which lies at the root of this

appellation is that these diseases are to be compared

to the well-known process of fermentation. There

is, at any rate, very considerable similarity between

the two
;

firstly, there is a morphological resem-

blance ; in the fermentation of beer yeast, the active

agent is, as we all know, the simple fungus which

is known as the yeast-plant (Torula)* in zymotic

diseases we have the germs and their products

;

and secondly, there is a physiological resemblance
;

in both cases, the efiect of the organism ceases after

a time ; in a given quantity of fluid a certain,

amount only of fermented matter can be produced,

in an " inoculated " organism fresh poison has, for

a time at any rate, no poisonous effects.

To the more wholesome and general processes of

fermentation, then, let us now turn our attention

;

and first, let us link it with what has gone before

by again relating the activities of a Bacillus ; this

special form is the one which makes its appearance

during the process of making cheese
;
now, as we

know, in cheese, just as in bread, there are spaces

or cavities
;
these, it is natviral to suppose, owe their

existence to the formation of gases, but gases are

not formed in milk, or any such bodies, unless

some chemical change is going on. Now chemical

changes owe their existence either to our adding

some agents, in the shape of acids or alkalies, which

eff"ect some changes in the relation of the bodies

experimented on, or, as taking ourselves in our

relation to the atmosphere, to the presence of living

organisms.

* "Science for All," Vol. I., p. 51, Figs. 1, 2.
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When we come to investigate the characters of

the history of cheese-making, we find that, first of

all, the milk coagulates ; then the coagulated casein

is mechanically separated from the whey ; and then

finally gases are given off, and spaces are formed

in the casein. This activity has been found to

be connected with the presence, in the fer-

menting mass, of a special form of the Bacillus

organism.

A similar history would apply, in all its

essential particulars, to bread, or to beer, or to

wine, or to spirit; and that a knowledge of tlie

minute organisms which are concerned in the matter,

is now beginning to be universally regarded by

those whose business it is to have a definite

acquaintance with the details of these things, can-

not be better shown than by a reference to the

following advertisement which appeared in the

Times newspaper on the very day on which these

lines were being written :
" Brewing pupil required

. . . . genei-al use of the microscope taught."

Into all the various processes of fermentation it

is no purpose of the present paper to enter, but

there is one side of it on which one can hardly

dwell too long, and which is full of the most in-

structive lessons. It is this : the power of living

organisms is not always, perhaps never, in propor-

tion to their size. The ancients knew this when
they invented the fable of the mouse and the lion,

but even their reflective minds would have been

astonished if they had become acquainted with the

exact information as to the measurements of the

beer-yeast, which we owe to Professor Nageli, of

Mimich. The cells of this ferment-organism are

about millimetre in diameter ; the contents of

each does not exceed one two-millionth of a cubic

millimetre, and their weight is no more than that

of a milligramme. "When they are dried, 80 per

cent, of their substance is found to be water ; and

so we find that mighty as a few of these Toridse

may show themselves, each dried cell weighs no

more than one five-millionth
( 5000000 ) milli-

gramme. Even here, however, the wonder does

not cease ; the Torulse of beer are giants among
their fellows

!

We will so far imitate the yeast as to give only

a little at a time, and will not, on this occasion,

enter into the vexed and difiicult questions which

are connected with the chemistry of fermentative

actions ; for the present it is enough to insist

that the process, whether induced for our welfare

or produced to our loss, owes its essence to the

presence of living organisms. Fermentation, like

185

putrefaction, would seem to be associated with life,

and not with death.

Let us now deal briefly with some of the less

well-known forms which have an especial interest

of their own.

It is true enough that nothing impresses the

ndnd like size. Who that has not seen the Pyra-

mids does not look forward to see them ; who
that has ever read Mark Twain's account of the •

size of St. Peter's at Rome ("I had not supposed

before that a man could look so much like a

spider "), has not, in imagination, sat breathless in

amazement 1 And yet, after all, when the big

.

number is put below, as in a fraction, our wonder

may be just as gi"eat. You have a man some six

feet high making a building the size of which you

cannot " ciphei'," and you have another man looking

through a microscope at a living object that he can-

not see unless he has the use of glasses which can

magnify five thousand diameters.

Such men are Messra. Dallinger and Drysdale,

who have looked at living spores no more than one

four-thousandth of an inch (or yi^ mm.) in dia-

meter.* It is possible to imagine how bodies so

small as this might easily enough escape many of

the effects of boiling, if that boiling were not car-

ried on sufiiciently long, and how such escape from

boiling might lead to the belief that the monads •

had arisen " of themselves " in the water. As a

matter of fact, the philosojihical observers just

named found that the spores of these monads

could survive a heat of 300° F., even when exposed

to it for the space of ten minutes.

This extreme minuteness of the size of germs •

sives rise to two results : the one affects men's -

bodies, the other their minds. The extreme light-

ness of the germs allows of their being easily dis-

tributed. Their small size and the difficulties which

attend the detection of them, have led to the-

framing of hypotheses concerning them which are

rendered at once fatal by the objection that there is-

no cause assigned for the effect.

Taking first the results of the propagation of

minute poisonous germs, and inquiring by what

means they can make their way into the body, we

find ourselves confi'onted by the following con-

siderations ; and as we have already dealt in quite

sufficient detail with the after-results of surgical

* For astounding facts it is always well to give trustworthy

data. InalectureattheRoyallnstitution.theEev. Mr. Dallinger

stated that the small adults of a monad examined by him and

Dr. Drysdale were ^tjVs inch in diameter. Now 1 millimetre

is equal to '039 inch, so that inch, when expressed in terms

of 1 mm. gives us 1-39 x 4 or i^ij mm.
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operations, and so far also with wounds due to

other causes, we will now only speak of such pro-

cesses as can reasonably be supposed to affect a

healthy body.

Germs will settle on our body, on our food,

in our drink. So much, at any rate, it is easy

enough to see. That, however, they can enter

it by the skin is a suggestion which can only

be made to be at once put aside ; but that they can

enter through the lungs is a hint which cannot be

so easily disposed of, and Professor Nageli, at any

rate, is strongly of opinion that some germs, at least,

are able, when they settle on the thin wall which

separates the air in the lungs from the blood which

it supplies, to set up on this wall an inflammation,

to separate thereby the tissues, and so to enter by
the little cleft into the great nutrient current which

circulates through the body.

Just as certain, too, is it that the light germs

taken in with the fluids that we drink are able, by
some means, to make their way into the general

system of the body ; but to enter into a consideration

of such diseases as the fevers, erysipelas, or cancer,

by whatever ways these commence to operate on the

body, would be a tiresome, if not a painful, task.

One example will be sufficient to show wherein lies

the essence of the whole matter. If you have

some grapes, and leave them exposed to the air,

they become dry, unfit for eating, and are thrown
away ; but if, instead of so leaving the grapes, you,

without adding anything to them, break their skins

by, for example, treading them as the wine-makers

of Italy still do, and then leave them, you will find

a very different result. Fermentation will be set up,

and the sweet contents of the grape will give rise

to carbonic acid gas, and to alcohol. You have

added nothing, and yet you got this result ; the

reason ought not now to be very hard to find.

Surely enough, the germs of the plant that

flourish in the rich contents of the grape-skin

bag, were deposited fi-om the air on the skin
;
they

coiild not reach the juice till the skin was broken,

but when that had been artificially done, the germs
and the juice came together, and the result, long

ago known to mankind, of the formation of fresh

bodies was brought about. It will be unnecessary

to point out how, by somewhat similar processes, a

living organism may be made the pi'ey of the

chemical changes brought about by other organisms

living at its expense.

To fix in the mind the general conditions of the

formation of alcohol by a living body it would be

well to perform the following easy but instructive

experiment : take a not large test-tube, and fit it

with a tight cork; through the cork pass a narrow
glass tube, long enough to reach to the bottom of

the test-tube ; fill this last with a solution of grape

sugar, and mix with it a little yeast. Subject this

tube to a heat of 100° F. or 38° C. and you will find

that a gas is given off ; this gas, if collected, may
by thie ordinary chemical tests be sho^vn to be

carbonic acid (as by the milkiness that is produced,

when it is shaken up with lime-water), while the

fluid that is driven out by the gas may be shown
to be alcohol, by the green colour that it will give,

if it is boiled with a small quantity of bichromate

of potassium and sulphuric acid.

In this experiment we add the organism in the

shape of the yeast ; in other conditions, nature,

fortunately or unfortunately does it for us, but in

either case the process and the results are essentially

the same.

Here, then, we are brought to just the same con-

clusion with regard to fei-mentation, as that to

which Professor Cohn brought us with regard to

putrefaction. In both cases we require the presence

of living organised matter
;
but, as we have before

remarked (p. 90), fermentation may otherwise occur,

owing, that is, to the presence of what we spoke of as

being non-morphological (or not organised) ferments.

And herein there lies an essential difference between

the two processes ; it is rather on the similarity that

we would now insist, because it brings us to the

other point to which we have just referred.

When it was said that an explanation of what

has been observed had been offered by some, which

had the fatal objection of not offering sufficient cause

for the effects produced, reference was of course

made to the doctrine which even now has some

vogue, and which teaches that living matter has

arisen independently of any pre-existing living

matter^ or to speak technically, de novo.

The objections to the doctrine may be based on

two sets of considerations ; first of all, in the proved

presence of germs in the majority of cases we have

a rational and satisfactory explanation ; we know
these germs may be exceedingly minute, we know
that in some bodies the germs may be so hidden

away, as it were, as to be able to escape the effects

of anything but greatly prolonged boiling, and we

know, too, that when solutions are more or less

acid the effects of boiling are only sooner or later

fatal to the germs. So that, not only have we
germs often present, but we have often germs lurk-

ing in such a way as to 1 le with difficulty detected.

In the second place, the question arises . how many
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of the experiments of any given worker who
takes the view now being combated liave been in

their essence confirmed by others, and how many
have been shown to be fallacious. There are but

few that have been confirmed, there are many that

have been shown to have been imperfectly ac-

complished, or made under conditions which have

deprived the results of any real value.

Putting, then, aside this belief that, in the

present, life arises from anything else than pi'e-

existing living matter, we find ourselves face to

face with one of the grandest results of later times.

The bread we eat, the wine we drink, the disease

that weakens or kills us, the hospital fever which

retards our recovery, are like ourselves, and like all

animals and plants, " Life's children." Go where

we will, do what we may, the powers of life are not

only working within us but around us, shaping the

fates of men, and the fortunes of nations, and yet

working always under just the same laws, obeying

just the same principles, and causing always much
the same effects

;
breaking up tissues and com-

pounds, using up formed matter, dependent on

unformed matter, owing always their existence to

destruction elsewhere.

Beautiful as life is represented to be, such is what

life really is ; for man it remains, and for man it is

a privilege, to order the course of many of its

processes. And among these, there is none with

which he ought more firmly to battle, none that

he ought to learn to conquer, nioi'e than these

" Germs " which, while they serve him when he

makes them aid his will by assisting him in his

arts and industries, do by their allies bring on him

and on his food, so many of the woes that flesh is

heir to.

THE CHEESE-GEOTTO OF BEETEICH-BADEN.
By Professor T. G. Box

"VrOT SO very long ago, in a geological sense,

Xi volcanoes wei-e abundant in the north-western

part of Europe. They vomited forth great sheets

of basalt along the western margin of Scotland,

they crowned the granite plateau of Auvergne, and

they studded the triangular tract of land between

the Rhine and the Lower Moselle. In this last

district, called the Eifel, no great cones appear to

have been pUed up; but here and there a wide

cii'cular orifice—a crater lake—has been opened, a

small volcanic cone been built up, or a stream of

lava, generally of no great magnitude, has been

ejected.

Near to the southern mai'gin of this district is

the village of Bertrich-Baden—a bathing establish-

ment, as its name implies, called into existence by

some warm springs which issue at the junction of

the igneous and sedimentary rocks : the l^t signs of

the volcanic fires by which the whole neighbour-

hood has been disturbed. They have been of repute

since, at least, the days of the Romans, and are

beneficial in cases of gout, rheumatism, and nervous

disorders. Sulphate of soda is their principal

constituent. Near at hand, on the wooded height,

the Falkenlei, a crater of scoria still remains, but

the little river Alf has cut deep into the lava

stream which overflowed down its valley, and

afibrds us natural sections of much interest. The

NEY, M.A., F.R.S., F.G.S.

bottom rock of the country consists of slaty beds

belonging to the Devonian series, and must

have been fashioned by subaerial forces into

something like its present contour before the vol-

canic epoch began. The upper part is an upland

plateau, dotted here and there with copses, but

genei"ally a little bare ; the glens are thickly wooded

and rather pretty. In a tributary glen of the Alf we

find the grotto whose name heads this paper. The

stream has cut a narrow ravine in the basalt. On its

right bank is a projecting mass of this rock. The

lower portion, up to the level of a kind of ledge

(perhaps partly artificial, as the path runs along it),

is only rudely columnar. Then comes a second

mass distinctly columnar, capped by a third which

only shows traces of columns. The columns in this

middle part are at once seen to be not in one piece

but very obviously cross-jointed, and on approach-

ing a little nearer are found to be built up of rather

flattened spheroids, just like a number of Dutch

cheeses. The headland is pierced by a natural pas-

sage a few feet wide, and of the same height as the

columns, by means of which we obtain an excellent

view of the singular structure, from which it has

received the name of the " Cheese-gi-otto." (Fig. 1.)

Two questions'will at once suggest themselves to

the mind :—How was the grotto made 1 and what

is the explanation of the cheese-like stmcture of
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its columns? The former admits of an easy answer.

The glen is evidently the result of water-action
;

the little stream that still ripples down the dark

rocks has, in the lapse of ages, sawn its way down
through the several parts of the lava-flow. After

it had cut through the more solid upper mass, the

solid rock—it must have been deserted by the water,

which then confined itself to its ancient course,

either owing to the more favourable condition of the

subjacent rock, or possibly in consequence of some

earthquake dislocation—for such there may well

liKve been—which rendered this the easier path.

Fig. 1.—Thc Cheese-grotto (" Kaskelleb") of Berteich-Baden.

Tvhole, or a portion of the water, aided probably by

the disjointed condition of the next layer, found

its way among the " cheeses " at a place where, per-

haps, they happened to be rather less tightly packed

than usual, and thus began to drill out this grotto.

Meanwhile another branch of the stream may have

gone on deepening the main ravine. When the

grotto had been carried down to the floor—the more

We have spoken of three masses of lava—and such,

so far as structure is concerned, they appear to be

—

but there is no reason to suppose that in ideality

there is more than a single stream, in which, as is

usually the case, one part only has assumed a

perfectly columnar structure, and this has been

separated from the others by rather abrupt lines of

demarcation.
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We come, then, to tlie cheese-like or spheroidal

structure of the columns. Though the Bertrich

grotto affords us an admirable example of this, we
must not suppose it unique. Spheroidal structure

is by no means uncommon in basalt. Sometimes the

columns, when decomposition sets in, break up, as

they do here, into rounded masses ; sometimes the

whole mass seems to be composed of irregular balls,

not obviously connected with pre-existing columns,

.and of variable size ; and not seldom, when an

ordinary cuboidal block is weathering away, it is

found to exfoliate in nearly spherical concentric

shells. Even where the shafts of the columns show

but little tendency to bi'eak into these rounded

blocks, the ends at the cross joints exhibit what is

termed a ball-and-socket structure. Sometimes the

whole surface of the joint is curved like the outline

of a watch-glass ; sometimes it is continued as a

plane for a short distance inwards, and the rounded

prominence occupies the middle, like those flattened

domes upon the tops of houses so conspicuous in

views of Eastern cities. The convexities of these

curved surfaces do not seem to follow any fixed

law
;
they point sometimes upwards, sometimes

downwai'ds, and occasionally may be seen to lie in

opposite directions in two columns which are side

by side in the same mass. The structure, also,

though common in, is not restricted to, basalt. It

may be seen in other igneous rocks—as, for example,

in trachyte, pitchstone, and obsidian—and some-

times in volcanic ash, as on the Binns, at Burntis-

land, in Fife (Fig. 2), and at Sta. Lucia, near Caprile,

in the Italian Tyrol. It has also been seen in a mass

of shale caught up by an igneous rock, in plaster

which has dried upon a wall, and in one or two other

instances to be referred to presently. It is, then,

clear that the cause of the structure must be a

general one, not dependent on the particular

mineral or chemical condition of the rock.

Various explanations have been offered. Text-

books are commonly in as much confusion about it

as they are about columnar structure. Generally it

is vaguely referred to as the result of concretionary

action—a phrase which is so conveniently hazy

that it leaves the matter nearly where it found it.

One eminent authority has separated the cup-and-

ball structure from the spheroidal, regarding the

former as commencing at the centre of the column,

and due to a longitudinal tensile stress, which starts

often from a small mass of stone different in texture

and hardness from the rest of the rock ; the latter

he regards as not an original concretionary struc-

ture, but due to decomposition, penetrating from

Fig. 2.—Splieroidal Structure in Volcanic
Ash (tlae Binns, Burntisland).

without inwards, in blocks or fragments into which
the rock has been divided by joint planes. We shall

see, I think, that there is no reason for this separa-

tion, and that the latter part of the theory is quite

untenable.

Let us consider this first. No doubt the tendency

of the action of the weather upon a cuboidal

mass of stone is to round ofi' the angles, as being the

parts most exposed to its influence. Then, after

a time, it might

hai)pen that the

parts equally af-

fected by decom-

position lay on

rudely spheroidal

surfaces, and it is

possible that the

action of pene-

trating water,

under changes

of temperature,

might produce

spheroidal exfo-

liation. But,

leaving possibilities, we have to see whether the

facts are in accord with the hypothesis, and this we
shall soon find not to be the case.

A large number of instances are, no doubt,

explicable on this, or on, perhaps, othertheories. With
these, then, we need not concern ourselves ; it will

suffice to notice those which

are incompatible with it. True

splieroidal structure may be

seen totally disconnected from

external surfaces. For example,

a mass of volcanic agglomerates

exposed in the steep face of one

of the Bimis,* exhibits well-

marked spheroids (Fig. 2). which,

as may be readily seen, are quite

independent of the larger bound-

ing surfaces. Again, let us look

at the case of spheroids formed

in a columnar mass. At the

Cheese-grotto, no doubt, where

each spheroid is limited above and below by

a ti'ansverse joint surface, and the whole column,

so to say, is built up of cheeses, it might be argued

with plausibility that the structure was simply due

to exfoliation during decomposition, but other cases

may be cited where this explanation utteiiy breaks

* " Quarterly Journal of the Geological Society of London,'

1876.

Fig. 3.—Spheroids in au
tjnjoiutedColumn near
Le Puy, Auvergne.
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Fig. i.—Complicated Spheroidal
Structure (Eowley Regis Basalt.)

down. It requires, we may observe, tliat the

cross joint should be prior to the formation of the

spheroid. Now, tlie annexed iigure (Fig. 3) repre-

sents a column of basalt seen in the neighbourhood of

Le Puy, in Auvergne. The columns had been of the

usual form. Some of them still retained this, and

externally gave no clue to the existence of a sphe-

roidal structure; but

fi'om one or two a part

of the surface had

scaled off, and ex-

posed a number of

spheroids lying within,

side by side, like a

row of balls packed

in a box, or peas in

a pod. There were, in-

deed, some horizontal

cracks visible on the

sides of the columns,

but these appeared

quite superficial, and

had no coiTcspondence

—as may be seen in

the diagram—with the

bases or any other part of the included sphe-

roids. A similar structure has been observed

in trachyte columns, also in Auvergne. Again,

if we examine such a structure as is exhi-

bited by Fig. 4—a small part of an old quarry

face in the basalt of Rowley

Regis—where we see that

spheroidal and lenticular

masses have formed in

blocks of various shapes

defined by joints, and that

in some of them, within the

first formed sjJieroidal

casing, other subspheroidal

masses have been produced,

so that one nut-shell, as it
Fig. 5.—Diagram of Perlitic . ,

Structure (magnified about were. Contains two Or three
six Diameters). , in j.

kernels—Ave shall see that

it is impossible to explain such a structure as a

case of weathering.

Another instance may be cited which is quite

incompatible with that theory. There is a glassy

variety of obsidian or pitchstone, called j^erlite,*

which to the eye appears made up of a crowded

mass of rounded grains, more or less compressed,

which give indication of being formed of concentric

* A similar structure has been produced artificially in more
than one way.

shells. They vary in size, but are commonly about

an eighth of an inch in diameter. On examining a

slice of this glassy rock under the microscope, we
see that it exhibits in section a structure (Fig. 5)

corresponding with the spheroidal structure des-

cribed above—that, in short, there is no other

difference than that of size ; and that the spheroids

also may often be seen to occur in groups bounded

by minute joint faces. Now, in this case the glassy

rock is commonly in a very fresh condition ; there

are no signs of decomposition, for that would be

instantly detected under the microscope. The
utmost that can be seen is a very slight staining

about the edges of the cracks, which is, at least,

just as likely to be the result of subsequent infiltra-

tion. The peHitic—that is, the miniature spheroidal

structure—cannot, then, be due to decomposition,

but must have some other cause; and Ave may fairly

presume that the explanation which serves for the

one will apply also to the others, as their only real

difference is one of magnitude. "We may further

observe that this structure is in no way connected

with ciystallisation, or with anything of that kind.

Perlites, Avhen examined microscopically, are seen

frequently to contain numbers of small crystals of

various minerals ; some being like bits of hairs or

fragments of the most minute needles, thickly scat-

tered through the mass, and often arranged with a

certain parallelism. There are also, sometimes,

bands of clearer or of more cloudy glass to be seen.

Now, through all these the curved fissures denoting

the perlitic structure cut quite indifferently. They

have no connection whatcA^er with them, as a rule;

they do not seem to be affected by them, and are

in all cases subsequent in date.

What explanation, then, can be giA'en 1 We liaA-e

seen alreadyf that the hexagonal jointing of the

columns AA-as due to the contraction of the mass iii

the process of cooling. In the formation of these

the heat is supposed to be lost uniformly from one

of the bounding surfaces, so that a surface, plane

or curved, in the mass is reduced to the tempera-

ture (whatever it be) at Avhich the particles can no

longer mutually re-arrange themselves, but are

obliged to ease the strain by rupture. In this case

hexagonal cracks are formed ; and while this sur-

face of cooling, as it were, subsides into the mass,

the hexagonal columns are formed. As cooling

proceeds in the mass of each column, now supposed

incapable of any more mutual displacement of its

particles, strains will again be set up, producing

t "A Piece of Whinstone :
" "Science for All," Vol. III.,

pp. 72-5.
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further rupture in the columns themselves. Let

us, then, consider the forms which the new fissures

will assume. Su]Dpose the loss of heat to take place

{we do not say that it does) parallel with the sides of

the column, then the surfaces of equal temperature

will be respectively parallel with them, the strains

will be normal to them, and the fractures corre-

sponding with these surfaces will also be parallel

with the sides of the column. Next suppose that the

loss of heat continues to be in the same direction

as it was when the columns were formed. The

surfaces of equal tempei'ature will then be (as before)

perpendicular to the axes of the columns ; relief

from lateral strain has been found, it only remains

to ease the vertical ; thus cross joints will be

formed. Thirdly, suppose that heat is being lost

uniformly in all directions in the mass, so that

we may assume every part to be nearly at the same

temjieratui'e, and the strain is no longer to be re-

garded as acting on a surface but throughout a

solid. What form will the cracks then assume ? As
before, it will be that in which the least resistance

is offered to fracture, and the greatest part of

the force is effective in producing rupture. But,

for any given volume, a sphere is the solid which

has the smallest surface area, and thus offers the

least resistance, while the whole of the central con-

tractile force is effective in rupturing, because the

radii of a sphere are all normal to its surface. Thus
a spheroidal structure is the one most easily formed.

That the spheroids generally are not true spheres

may be due to ii'regularities in the mode of cooling,

or to further comj^ression after they are formed,

the mass being still more or less pasty. In the

case, then, of the Bertricli " cheeses," the columns

were probably first severed by cross joints, and the

spheroids then formed in each block as it went on

losing heat rather more uniformly. In other cases

splieroids may have been formed in the mass with-

out cross jointing, and even without columnar

structure being set up ; but we regard each

spheroid, whether on a large scale or on a small, as a

record of the mass having been, at the time of forma-

tion, at a uniform temperature, and in a uniform

state of strain. The curved watch-glass-like joints

indicate tliat the surface of equal temperature was
correspondingly curved at the moment of rupture.

This result might be due either to partial loss

of heat from the sides of the columns, along the

newly-opened fissures, as well as from the ends,

or from the dimpling—if one may be permitted the

phrase—of the plane surface of equal temperature

by the more rapid loss of heat at certain points of

the exterior, to which cause also (as explained in

the paper already mentioned) the curved tabular

joints in certain lavas are due. The ball-and-socket

jointing, which appears to be the rarest form, may
result either from the simultaneous formation of a

horizontal crack at the edge of a column, and a

spheroidal crack in the inmost part, which respec-

tively proceed inwards and outwards till they meet

;

or from the formation of a spheroidal crack in the

inner part of the column, whicli proceeds outwards

till it approaches the cooler and harder (but at pre-

sent unruptured) surface, which, being now reduced

to a mere shell, yields to the increasing strain by

simply snapping across.

Thus all these structures—spheroidal, jjerlitic,

and the various curved forms of jointing—are the

results of the same cause which has produced the

columnar structure, namely, contraction in the

jirocess of cooling—-a physical process that in one

form or another has played an important ]}a,vt in

the earth's hastoiy.

EIGHT-HANDEDNESS.
By James Shaw.

ALTHOUGH, at first sight, the four-handed

mammals might appear to have a superior

organisation to man, yet, because locomotion and

prehension have both to be accomplished by the

limbs of the former, whereas in man there is a

division of labour with his limbs, the upper paii-

being almost entirely prehensile, the result is that

man's two hands are worth more than the ape's

four. In extreme youth there is little appreciable

difference between the functions of the hands and

feet, which alike shove and twist awkwardly in the

nurse's arms. At a later period both hands and

feet assist in locomotion. It is not until a child

has acquu-ed the power of language that the

difference between the right hand and left becomes

discernible. Nor does this difference quite come of

itself, like the difference of voice; or like the beard,

announcing puberty, but it is guided into distinctness
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by precept and example. Around the youthful

pupil stand pai-ents, nurse, preceptor, all anxious

that he should leave off the use of the " wrong

hand," either in labour, or as a matter of courtesy.

So persistent and universal is this education that

some authorities have deemed the whole diflference

between right and left hand an affair of fashion

;

and that if both hands were educated alike it

would be a great gain, since in case of any casualty

which should deprive a man of the use of the

highly-favoured limb, the tedious operation of

educating the left hand to do the right hand's work

would be avoided.

Nevertheless, if right-handedness be a fashion,

it is all but universal, and the most ancient fashion

we know. The history of writing, the evidence of

language, and the drawings and tools, not only of

Egyptians, Assyrians, Greeks, and Romans, but of

races, the memory of whose existence had passed

away ere the earliest extant records had been

penned, and whose rude tools, and weapons, and

artistic representations have been disinten-ed from

caves, kitchen-middens, and crannogs, give us early

evidence of right-handedness. These drawings

represent faces in profile, looking towards the left,

just as a street Arab, unless he be left-handed,

chalks them on any unoccupied surface. Such is a

sketch of the mammoth, on a piece of ivory, found

in the rock-shelter at La Madeleine, in the Dor-

dogne. So, also, is the reindeer, etched with great

spirit and skill on bones procured from a cave near

Bruniquel. Another drawing, in which an eel,

two horses' heads, and what Dr. E. B. Tylor has

pronounced as possibly the earliest known portrait

of man, represents the implement held in the right

hand. Professor Daniel Wilson has given three

engravings of bronze sickles from the lake of

Brienne, all constructed for right-handed men of

the Bronze Period. One such handle, found in

1872, was the first example of a complete hafted

instrument
;
and, as Dr. Wilson remarks, is care-

fully fashioned, so as to adapt it to the grasp of a

very small hand, and as incapable of use by a left-

handed shearer as a mower's scythe.

In drawing or copying a print, especially if the

ornament be of a small and repeating character, we
begin at the top of our sheet or tablet on the left-

hand side. The reason for so doing is that our

hand may not rub upon what is already finished,

but not quite dry. This reason seems to have

determined the method of writing, which is from

left to right. Nevertheless, the most ancient

Egyptian writing is like that of a left-handed race,

and proceeded from right to left. The figures of

men and animals in their hieroglyphics do not shed

light on the problem of which was the favourite

hand ; but their ancient drawings and sculptures

are evidence of right-hand superiority. The uni-

versality of the preference given to the right hand
is as striking as its antiquity. It was wont to be
believed that kissing was a sign of affection known
all the world over ; but our anthropologists have

rudely dissipated this pleasant dream, by showing^

that there are races so benighted as never to have
heard of it. Not so with right-handedness. The
Eskimo, American Indians, Maoris, Negroes, and
natives of the Oceanic Isles place the sword, staff,

or whip in the right hand ; the shield or reins ii^

the left. The arrow is guided to its mark, the

assegai thrown at the enemy, the boomerang aimed

at the bird, by the same hand, as a rule, in what-

ever regions these missiles are employed.

All languages lift up their testimony in favour

of the antiquity and universality of right hand
preference. Our words " sinister " and " dextrous "

are from the Latin for left and right, and our Anglo-

Saxon word left, expresses, according to Trench,

the little-used hand, being left out of work so

frequently compared to its neighbour. GaucJie,

the French word for " left," is, says Brachet,

" literally the weak hand which has not the

qualities of strength, agility, address, compai'ed to-

the other. Strange as this may seem," he con-

tinues, "it is confirmed by the existence of

analogous metaphors in other languages. Thus in

Italian the left hand is stanca, the fatigued ; or

manca, the defective. Modern Proven9al calls it

man seneco, the decrepit hand." The exceptions to

the honour given to the right hand are few, and

some of them such as seem to strengthen the rule.

Lucky omens were seen to the right of the Roman
armies

;
but, inasmuch as these omens would be

considered unlucky from the barbarian's point of

view, there might gi-ow up a prejudice against right

hand initiative among the latter. There is a wide-

spread feeling that it is uncanny to turn against the

sun : we deal out our playing cards in an awkward
cross-hand fashion. In the Halloween superstitions

of the Scottish peasantry, luck was secured by

dipping the left arm or looking over the left

shoulder. The falcon, save in Asia, is held on the

wrist of the left hand. With the Chinese the place of

honoxir is towards the left. And when Commander
Cameron crossed Africa, he was surprised to see at

Kanyany^, the heir-presumptive to a " throne

"

with the nails of his left hand grown tc an
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enormous length, as a sign of liigli rank. Tlio

Iiand, owing to disuse, was much smaller than its

fellow.

As man rises from a state of barbarism to that

of civilisation, the education of the right hand

becomes more urgent. A hunter of wild beasts,

or a cattle-drover losing a right arm, would not

sustain so serious a misfortune as if the same loss

occurred to an engraver or clerk in modern times.

We can easily imagine that the transfer of a spear

or stick to the other hand would be less irksome

than the many trials to write well Avith the left.

As men began to unite in bodies, requiring simul-

taneous combined movements, the pre-liistoric

drill-sergeants would not be slow to discover the

advantage of troops covering the heart with the

shield by the hand that lay nearest it, and having

the sword-hand free throughout the whole line,

ready for offence. As tools became more numerous,

varied, and complex, it would be a matter of

importance to make them to suit one hand rather

than the other ; and so now we find that a left-

handed man is handicapped, since many of our most

useful tools, etc., the screw, the gimlet, scissors,

carfienters' benches, 2)rintcutters' gauges, and even

that latest novelty, the " moustache cup," are all

made for a world of right-handed men. This

tendency to specialisation may be seen in clothes,

the buttons being placed on one side, the loopholes

on another. Gloves adapted for each hand, and

shoes for either foot, are luxuries which have

reached the poorer classes at a compai'atively recent

date. In the struggle for supremacy, left-handed

persons are, amongst us, like foreigners sjieaking no

other language but their own, and from their want

of fitness are apt to fall behind. The duty of giving

preference to the right hand seems more imperiously

enjoined in families whose education and social

position ai-e most advanced ; and it has been

remarked that the number of ambidexter, or left-

handed individuals is pi'oportionally larger as we
descend the scale, being greatest in such localities

as the Fiji Islands and places remote from

civilisation.

Is all such anxiety to educate the right hand

exclusively not somewhat misdirected ] Would it

not be an advantage to have each hand equally

deff? There appears to be no inherent deficiency

in the left hand of the violinist, or of the charioteer,

for the hand that regulates the delicate chords of

the violin or the reins of the spirited steed takes

upon itself more responsibility than the one which

guides the bow or the whip. Eminent painters,

186

surgeons, musicians, athletes, have been enumerated

who were either left-handed or ambidexter. Why
should not hands be trained like eyes, giving

a fi'ee field and no favour to either 1 Then should

the hmg meet with accident, there would be a.

prince equally accomplished to take his place.

Perhaps it is too late to expect for this question

the answer which one, jn-epossessed in favour of an

ambidextrous education, would desire. The an-

tiquity and universality of the preference are enough

to cause suspicion that it has now got into the

blood, and is not likely to be easily eradicated.

Various theories have been set forward to account

for this peculiarity of the sons of Adam. Ai-istotle

seems to have been the first to display philosoj^hical

curiosity on the subject. He tells us that there is

a right and a left in animals, which different sides

must be determined, not by position, but by

function. He goes on, in his own way, to give a

reason for light hand predominance, and why it is

that burdens should be carried on the left shoulder.

In a memoir, published by Professor Buchanan, of

Glasgow, the preference of the right hand, as well

as the equally old and prevalent custom, attested

by the most ancient monuments, of carrying

burdens on the left shoulder, was alleged to be

due to the want of symmetry in the human body.

The centre of gravity, it was argued, was not in the

medial line, but inclined towards the right, the

right lung being larger than the left ; and the liver,

the heaviest of the internal organs, occupying a

place towards the right. Owing to this cause a

mechanical reason was given for the right arm acting

with greater power; while it was argued that in

carrying a burden on the left slioulder, the porter

stooped forward towards the right, thus bringing

the weight to be upheld more directly above the

stronger right limb. The weakest part of the

argument was that which required transposition of

the viscera to account for left-handedness.

Transposition of the viscera is extremely rare,

but left-handedness is a phenomenon with which

everyljody is acquainted ; it is accompanied by the

same larger-sized left limbs that are so normally, in

the right, and can be shown to run in families.

Indeed, in at least one case of transposition of the

viscera the subject was right-handed. Anatomists,

who have made additional observations, confirm Dr.

Buchanan's remarks on the relatively gi-eater weight

of the right side in adults, and consequently of the

position of the centre of gi'avity being towards that

side, although pointing out that in children and

quadrupeds the body is more symmetrical.
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Another theoiy is founded on the fact of the

brain being composed of two hemispheres, whicli

work the muscles cross-wise, so that disease or

weakness of a hemisphere affects the whole opposite

side of the body. Gratiolet had observed that the

right side was worked with more nervous energy,

since^ even at an early date, the anterior, and middle

lobes of the brain in the left side were more largely

developed; and the late M. Paul Broca records that

in forty brains which he had examined, he found

the left frontal lobe heavier than the right.

Further independent observations are needed to

confirm the theory of right-handedness depending

on the greater energy supplied to the right side by

the larger left hemisphere.

Nature, when there is a purpose to serve, is

nowise loth to depart from symmetrical form.

This may be observed in our crustaceans, especially

the hermit crab of our coasts, which has one set of

limbs, notably those in front, which protrude from

the shell longer than the set on the other side.

The tusks of the narwhal are very unequally

developed. In serpents the lung most developed is

the right. In birds the aborted ovary and oviduct

are the right. The sole's eyes are twisted to the

right, the turbot's to the left. Parrots perch, for

most part, on the right leg. Training induces

preference, as in the case of the dog which "gives

paw," with the limb so trained, and the horse which

leads with the right foot in a canter. The African

elephant uses one of its tusks more frequently than

the other for digging roots, &c. This tusk, from

being often broken, is called the " servant " by the

ivory traders, and is of less value. It is most

frequently the right. In the two eyes of many
persons the focus is diflferent, the right eye being

the one generally, it is thought, "svith stronger

vision. The curious circumstance of travellers,

bewildered on a prairie, or amid mists, and

.striking their own footmarks after completing a

circle, has been referred to the agility and strength

of the right limb unconsciously pulling on slightly

in advance. But this belongs to the pleasant guesses

that attend eveiy theory not sufficiently submitted

to the ordeal of experiment, and need not be too

seriously considered in the question under discussion.

COHESION FIGURES.
By William Ackiioyd, F.I.C.

WHATEVER an "atom" may be—and its

nature will be discussed on another occasion

—it is certain that if one could question it

properly as to its past history, it would reveal to

us extraordinary facts about its imprisonments and

its journeyings. How, for example, after being

locked up in the bowels of the earth for ages, it

was liberated in the course of some sudden com-

motion, and then, flitting hither and thither in

company with a fellow atom, it was now in the

primeval forests of the far West, then among the

ice mountains of the far North, or again wandering

about the burning tropics ; or it might be that it

was an integral part of some monster which was
wont to prowl about the carboniferous jungles;

and now, after untold cycles of change, it has

become as certain a part of some fair lady's finger.

All this is very probable, and not a whit more
extraordinary than what Shakspere's common sense

told him respecting the "noble dust "of Alexander.

In following the fortunes of some individual

atom, say one of oxygen, we should be told that it

had often had strange mates, for it would speak of

its having been occasionally linked with a couple

of hydrogen atoms (or as the chemist states the

fact by the symbol OH^), and travelling in their

company either as part of the ocean current or of

the iceberg ; of its having been joined to a single

carbon atom (CO) to form part of a quantity of

that poisonous gas which chemists call carbonic

oxide, and in this company it may have played a

prominent part in some mysterious human tragedy

;

and of its having been joined at another time to

an oxygen atom as well as a carbon atom, to form

carbonic acid (CO,) and so it remained until it was

liberated by the magic influence of a sunbeam.

No matter, however, with what atom or atoms it was

linked, they were all held together by a mysterious

force to which the name of chemical attraction has

been given, and such an atom-cluster is generally

known as a molecule. Now, although it is with

molecules that we have to deal, we know very littlo

about their individual qualities, about their forms,

sizes, and so on. They are mysterious things concei'n-

ing which we speculate, and it is likely that always

our views of them will be confined to the mind's eye.
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But while we can learn little that is positive

about collections of atoms, we know much about

collections of molecules. Every solid substance is

a vast collection of them held togetlier by a force

to which the name of cohesion is given, so that it

will be seen that cohesion is an attraction wliich

apparently holds an intermediate place between

gravity on the one hand, which acts through vast

distances of space, and chemical attraction on the

other, whose influence is only felt between con-

tiguous atoms. At what distance does cohesion act

—in other words, how far must a couple of molecules

be forced apart so that they no longer pull at each

other 1 Attempts have been made to answer this

question. When a liquid film is stretched we come

at last to a point where cohesion will no longer

hold its molecules together, and it is evident that

the thinner we can get a film of this sort, the more

nearly must its thickness be comparable with the

distance at which cohesion acts between neighbour-

ing molecules. Riicker and Reinhold have made

measurements of black soap films of extreme

tenuity, and have found tlieir average thickness to

ba twelve milliontlis of a millimetre, from which

one is warranted in concluding that the distance

at which the neighbouring molecules of a soap film

attract each otlier is less than twelve milliontlis of

a millimetre, or less than half a millionth of an

inch. Such is the vast difference between cohesion

and gravity, our units in the one case being

milliontlis of an incli, in tlie other, millions of

miles ! Minute, however, as the distance is at

wliicli cohesion comes into play, it is possible to

bring two surfaces sufficiently near together for

tlie molecules to pull at each other. Thus if

two surfaces of lead are made quite clean and

flat by scraping, they will cohere very remarkably

if pressed together witli a certain amount cf

force.

On the way to the extreme thinness of film at

which it breaks, we are accustomed to seeing the

beautiful phenomena of iridescence wliich are so

well displayed in soap bubbles. Some wonderful

exhibitions of this kind may be obtained with films

of another sort. Allow a drop of oil to fall on tlie

surface of a sheet of still and clean water. It will

spread out into a circular thin film. The oil as a

drop was globular, in virtue of the coliesion wliich

kept its molecules togetlier ; after falling on the

Avater, forces were called into play which are

antagonistic to cohesion, so that before many
seconds the film became covered witli myriads of

holes where tlie film had broken. When rapidly

spreading out, lovely concentric rings of colour were

seen by an eye suitably placed, and tliese gradually

disappeared as the break-up became general. The

film presenting tliese various appearances is known
as a cohesion figure.

" Cohesion figures " have been much studied

since Charles Tomlinson, in 18G1, introduced

them to the notice of the British Association,

meeting in that year at Manchester. And it

is not one of the least inducements to a study

of these figures that all the apparatus and

most of the materials are close at liand, even

in the humblest dwelling. We require an ordinary

dinner-plate, water, oil, and a needle for the pro-

duction of the figures; and if we want to preserve

Fig. 1.—Makiug Coliesion Figures

the pattern—a simple operation giving a very

beautiful result—we require further some wliite

paper, a second plate, and a supply of good

ink.

Let us suppose, then, tliat all these materials

are at liand. Tlie two plates are placed on

a table just below the window, so that wlien

they ai'e filled with liquid one can readily see

by means of the light reflected from the surface

what is going on there. The plates are scru-

pulously clean, and one is filled with ink and

the otlier with water. Nov/ take a bottle of

oil, labelled, say, "finely perfumed hair oil," and

dip the needle into it. Drops of oil fall from

the point, the first two somewhat quickly and

the remainder more leisurely (Fig. 1). The

needle point is now held about an inch over the
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surface o£ the pure water while a drop is slowly dots or islands of oil. Let us suppose that at

forming ; at last it falls, and spreads out on the this point we proceed to take an oleograph,

surface. Tlie globule of oil of a small fraction of A circular piece of clean white paper is placed

3.

—

Sectors of Cohesion FionEES pkoddced with Olive Oil, one (A), one and a half (B), and theee (C) minutes after drop falls.

an inch in diameter is spread out into a circle

of many inches in diameter. This thinning out pro-

ceeds at first quickly, and then

more slowly, and finally imper-

ceptibly. The oil film becomes

so thin that iridescent colours

begin to make their appearance,

and you may have a beautiful

green field in the centre with

a border of pink all round it;

and perchance when you

notice the colour again, a

few seconds after, the central

field has changed to a rosy

hue, while the border has

adopted the grassy tint.

In the meantime the

film has commenced to

break w]), the circular

holes at first formed

becoming lai'ger, until

they encroach on

each other, and the

Fig 2.- Sector of a Coiiesion Figm-e. wliole pattern ap-

pears a network

of oil fibres, which finally break up into minute

over the oil film and pressed down evenly; the

film adheres to the paper. It is now removed

and transferred just in the same way to the

sui'face of the ink, and after remaming there

say five minutes, it is taken up and washed

copiously with clean water. When dry the paper

will be seen to have on it a permanent copy of

the cohesion figure, very often, however, marred

by the clumsiness of the manipulator. This

method of copying cohesion figures was devised

by Dr. Carter MoflTatt. Fig. 2 is a sector cut

out of such a copy, or oleograph, whicli was

obtained when the film of hair oil had taken its

final form.

And now, supposing the reader takes a little

olive oil, he will find upon experimenting

with it that it behaves differently from some

other oil he may have been trying. When he

proceeds to take oleographs he will also perceive

the difference there. With watch by the

side of the plate for noting time, the experimenter

will probably get something like the following

order of appearances. Thirty seconds after the drop

falls, myriads of holes, with centre of circular area

green, and border of a rosy tint. In forty-five to

sixty seconds the iridescence has vanished, the
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original minute holes having coalesced to form
larger ones, which are largest towards the border.

In a minute and a half there is a broken network
of oil filaments, while at the end of three minutes
filaments are no longer to be seen, but simply a

number of small oil islands, mostly circular in form,

and some of them enclosing minute lakes. It

would take up too much space to give copies of the

oleographs of their natural size obtained at these

various stages, and we therefore represent in Fig. 3

slices of the figures bounded by two radii, and the

outer border, a plan which answers exactly the

.same end. Yery much of the beauty of a cohesion

figure cannot, however, be reproduced by means of

oleographs, especially the iridescence which is seen

at early stages of their formation. One migJit say,

indeed, that the figure bears the same relation to the

oleograph that a landscape does to a photograph,

or a stretch of country to the map of it. In the

oleograph we have only a plan; and indications of

thickness as presented in the pink and green of an
olive oil film, or the glory of an incipient castor oil

film are altogether lost.

Some of the figures that may be obtained are

very characteristic, so much so as to enable one to

tell what kind of oil is being employed, and
Tomlinson has even told the difference between oils

so closely related as the oleines of beef-fat and
mutton-fat. He does not seem, however, to have
been in favour of oleography for this purpose after

its introduction by Dr. Mofiatt, as he expressed the

opinion that "the cohesion figures of liquids are in

themselves oil tests; but when transferred to paper,

the resemblance between the figure of one oil and
that of another is so close that they may be taken

as identical."

Under the head of cohesion figures some other

curious phenomena have been hitherto described,

although it is doubtful whether some of them have

been properly placed in this respect. Thus in the

following experiment, which lias been described as

a case of " submersion cohesion figure," the reader

will readily discern liquid vortex rings.* Fill a

tumbler with water, and when quiet dip a pen-

point just below the surface. One descending

ring of ink will be first seen, which very soon

develops into a system of minor rings. It is to be

observed, however, that the so-called cases of sub-

mersion cohesion figures were studied before vortex

motion had received any practical attention at the

hands of scientific men. We perhaps might with

more ju.stice bring under the head of cohesion figures

* " Science for All,'' Vol. I., p. 43.

i.—Surface Coudeusatioii.

the very interesting appearances which are known
as "Breath Figures." If a piece of window pane
be well cleaned, it will be found a few liour.s after

that if one writes anything on it with a brass point

and then breathes upon the pane the writing will

be quite visible. It is

thus explained :—The sur-

faces of all bodies are sup-

posed to be covered witli

an invisible layer of con-

densed air and condensed

aqueous vapour. And in

passing we may obser-^e

that there is nothing very

extraordinary in this sup-

])osition, as surface con- Fi

densation of this kind

may give lise to the development of heat,

which may be made evident in this way. Take

a clean piece of platinum wive, Avind it into a

spiral, and place it in the top of a Bunsen burner.

Upon now allowing the mixture of air and gas to

pass over it, it will grow red hot, and much hotter

still, until it ignites the mix-

ture, this being due to the con-

densation of the mixed air and

gas by the surface of the clean

spiral of platinum (Fig. 4).

To return, then, to the

breath figures. When one

writes on the glass with a hard

point, the condensed air and

vajiour adhering to the glass

are removed from the parts

written on. Upon breathing

on the plate there is now an

unequal deposition of the vapour

contained in tlie breath, the

portions of the plate covered Fi

with condensed air and those

from which it has been removed

by writing condensing the vapour unequally, and

thus making the writing visible.

Another class of appearances which differ very

markedly from the preceding has been described as

"electric cohesion figures." Such a figure is the ever-

varying appearance presented by an induced spark

under certain circumstances, as, e.g., when one is

passing a spaik (Fig. 5) between a surface of liquid,

a, and a metal point, p, for spectroscopic purposes.

Under suitable conditions there is seen on the

surface of the liquid a figure made up of irregular

radiating lines of light. These figures were first

ipr. 5. — Au Electric
oil the Surface

o£ a Liquid.
Spark
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described by the late Dr. Strotliill Wright in 1863,

and the method he adopted for getting them was

this. A drop of liquid is laid on a clean sheet

Fig. 6.—Au Electric Cohesion Figiu-e.

of glass or mica, which rests on a blackened

plate of metal. One of the poles of a coil

is connected with the metal plate, and the other

dips into the drop. When the current is

passed, the characteristic radiating figure of

light is observed of a shape which varies with the

nature of the drop; in other words, the figure varies

with the cohesion existing between its molecules,

and with the amount of adhesion the drop has for

the mica or glass plate. In Fig. 6 we have tlie

appearance presented by a spark when mica and

a drop of cyanide of potassium solution are used.

It is hardly necessary to add that solutions of

different kinds give a great variety of figures.

From what we have said regarding the evanes-

cent forms to which the name of cohesion figures-

has been applied, it will be seen that their study

afibrds no small amount of j^leasure and instruction.

It will be, moreover, evident that the appearances

most meriting the name are the oil films with

which we commenced, foi' here in the spreading oil

circle cohesion is gradually overcome, but again

reasserts itself, when the iridescence disappears

and minute oil drops are formed once more, so

tliat cohesion is concerned in every phase of th&

changing figure.

AKIMALS OLD AND NEW.
Bv ruoi-Essoii p. Mautix Dcncax, F.E.S.

THE great nations of antiquil^y, whose works of

art and literature have descended to modern
times, became aware of a very important fact in

natural history. They warred witla their neigh-

bours, and wandered far and wide over Western
and Central Asia, Hindostan, Nilotic Africa,

Arabia, and South-Eastern Europe, and their

geographers and travellers told of the strange

animals which were to be seen- remote fi'om home.

The fact that the same kinds of animals are not

to be found everywhere, was thus a very early

discovery. It was rendered all the more valuable

and interesting to the first students of natural

history, by the gradual progress of the knowledge
of the truth that certain countries or parts of tlie

world have animals living in them Avhich are not

found elsewhere, and are, as it were, peculiar to them.

Nations from Central and Western Asia poured in a

stream of conquest into the Indo-Gangetic plains,

aci-oss the passes of Afghanistan, and saw for the

first time huge elephants, the rhinoceros, the

tiger, and a wilderness of long-tailed monkeys.
But they missed the lion, the camel, tlie goat, and
the Avild ass, the familiar natural history objects

of their own land. These restless people moved in

great armies into Syria, and passmg southwards^

entered, and fought with varying success against

the ancient races of Nortli-Eastern Africa. There

they beheld, up the Nile, the hippopotamus, the

long-necked girafife, and an elephant difiering in its.

kind from the Asiatic one, besides tlie crocodile.

Their native animals were not seen there, and even

the lion differed in its mane. As years rolled on,

the Greeks and Romans enlarged upon these

simple truths, and the people were shown African

and Asiatic animals, and feasted, not with natural

history knowledge, but Avith the sight of the blood

and destruction of the gigantic ci'eatures, Avliose'

forms and methods of life Avere utterly unlike tiioso

of the familiar wild animals of Europe, sijch as the

Avolf, bear, boar, and deer. Tliis kiioA^'ledge of the

ancients laid the foundation of the study of the

" distribution of animals," and doubtless many a.

thoughtful lover of nature speculated why these

things should be.

As the Avorld grew older and as knowledge

increased, it became evident that the simple truths

discovered by the early naturalists were of great
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importance, for thsy were not only applicable to

those portions of the globe which were known to

the ancients, but to the whole of the land of the

Tvorld. Thus after Columbus discovered the New
World, the Spaniards, French, and English began

to conquer and colonise North America ; and one

of the first marvels they witnessed was that the

animals were different from those of the Old World.

South America offered greater cause for wonder

than the noithern part of that immense continent,

for not only were the animals of its vast forests,

and great plains, and high hills, different from

those of Europe and Asia, but they differed almost

completely from the beasts of North America to

the north of Mexico. There were monkeys there,

with prehensile tails, sloths hanging, back down-

wards, from the boughs as they fed, armoured

•creatures which burrowed, huge gnawers by the

river sides, and active long-legged llamas on the

southern plains. In after years. Captain Cook

landing in the south of Australia, saw the great

kangaroo for the first time, and as settler after

settler examined the great country, one and all told

the same tale that there were no European,

Asiatic, or American animals there, but a set of

creatures of the kangaroo tribe which led many
kinds of lives. The story of this gradual elabora-

tion of a truth is as interesting as the fact itself.

And careful investigation, assisted by common
knowledge, had during all these years, explained

that whilst different parts of the globe were

tenanted by different groups of animals, there were

some animals which were common to some of the

distant countries. Many birds of powerful flight

are found very widely distributed, and some

animals wander far and wide on continents,

especially those which prey upon others. These

wanderers have exceptional powers of getting

about, of locomotion, and can either fly, swim, or

climb well. They are termed " sporadic," from

the Greek sporas, scattered about. The same kind

of study proved that the animals which were

peculiar to each great countiy had not these loco-

motive powers, and also that their restriction

within the limits of certain countries, was due

partly to the physical geography. The word

country was dropped, as it had a political significa-

tion, and each of the so-called countries, which

were limited by natural barriers, such as wide

seas, table-lands, mountain chains, and deserts, was

termed a natural history province, or a distribu-

tional province. These barriers restrict the

animals without the power of flight, of swimming.

or climbing, within their boundaries, so that each

natural history province has a faiina — an

assemblage of animals—peculiar to it, unlike those

of other provinces, and some of the animals are

especially characteristic.

The physical geography—that is to say, the

present aspect of nature—is thus clearly in relation

with the distribution of animals about the world.

The limits of the natural history provinces are

of a physical kind, and so long as these physical

conditions—these barriers—last, so long will the

present natural history provinces retain their

peculiar and characteristic faunas.

During the progress of the collection of the

facts which are the foundation of the theory of

the relation of physical geography to the distribu-

tion of animals, much knowledge was obtained

regarding the past history of the globe. The

present aspect of nature was shown to be the out-

come of changes which had been modifying the

sui'face of the earth during ages gone by; and it

was explained by the geologist that the great land

surfaces now recognisable were parts of larger ones

which existed during the age before the pi'esent.

The limiting barriers were of such a nature then,

that there were natural history provinces within

them. Moreover, in digging canals, clearing out

bogs and lakes, and in making the foundations cf

buildings during the middle ages, huge bones were

frequently found deep in gravel and clay, in

situations indicating a high antiquity ; that is to

say, in sediments which had collected before men
wrote histories. Bones of the limbs and body, and

huge skulls and teeth were found, and were attri-

buted by the ignorant to human giants, and, in one

celebrated instance, to a saint. Subsequently,

great numbers of bones were found in the gravels

upon the flanks of the hills bordering valleys, and

also in caves, where they were hidden up under a

crust of solid carbonate of lime called stalagmite.

The science of comparative anatomy, which inves-

tigates the structures of animals, and compares

them one with another, and with those of man,

arose during these discoveries ; and under its aus-

pices the great bones were studied and compared.

They were found not to resemble those of men, but

those of some li\-ing animals. The resemblance in

some instances was exact, and in others it was

close, but not exact. On the belief in the con-

tinuity of the laws of nature, and that there has

been a plan and philosophy in the past as there is

in the present, it is possible to study the old bones,

and to clothe them, in the scientific imagination,
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Avith muscles, flesh, and skin. It is reasonable to

affirm tliat if the bones of one skeleton resemble

exactly those of another, never mind what the

difference in age may be, or whether one has been

found deep in the earth and the other has lately

lived, they belong to the same species, and had the

same general shape. Again, if the resemblance is

not exact, the similarity of the shape of the

ancient and modern animal has a clear relation

to the amount of anatomical resemblance. The

old creatures did not belong to the same species as

their nearest resemblers now living, but to the same

genus. Finally, if the old bones do not resemble

those of any modei'u genus, but have a general

likeness to some great group or family, they are to

be included in a new genus of the family.

These rules infer that some of those great bones

belonged to animals which resembled some of those

now living on the earth, and that otliers belonged

to creatures differing from those now living in

species, but which would be included in the same

genxis or family by the naturalist. In fact, there

have been animals on the earth which have become

extinct, and others which have lasted on since the

last geological age into the present. Thus not only

has the present aspect of nature been the outcome

of the past, but animated nature was foreshadowed

in the past, and has, to a certain extent, descended

from it. Take an example or two in order to fix

these statements on the memory. A skull with

the teeth is found in a cave ; it is compared with

one of a man, and it does not resemble it, and

therefore it belonged to some animal. Next, it is

compared with the skulls of several skeletons of

different animals, and it is found to resemble

exactly that of a hyena from Afi'ica. The fossil

skull is then said to have belonged to the species

of hyena which still lives, and it proves the great

antiquity of the species.

Again, a skull with tusks and some huge limb

bones are found, and are compared with those of

the skeletons of species of animals which are in

the existing creation. The old bones turn out to

be not exactly like any others, but to closely

resemble those of the elephant. They did not,

therefore, belong to any species of elephant which

now exists, but to an animal, elephant-like, and of

the same "genus." They were bones of the woolly

elephant of Siberia, the mammoth—the Eleplias

priniigeniiis of naturalists. This is an extinct

animal, and its structure indicates that the ele-

phants of the past were closely connected with those

of the present in a creative scheme or philosophy.

Finally, a skull with two great tusks in the

lower jaw, curved downwards, was dug up and

compared. It was found to be unlike any other,

but its nearest resemblance was with that of the

elephant. It could not be included in the genus,

so great was the distinction, but it might be

placed in the great family of the tusk-bearing,

thick-skinned animals, with a proboscis, in a genus

of its own. It is an extinct animal, and on the

whole was elephantish, but belonged to the genus

Dinotherium, of the group Pachydermata or Probos-

cidea, to which the mammoth and elephant belong.

The question naturally rises in the mind. If there

were large and small animals living on the globe

just before the last great change of its surface

which developed the present state of things, were

they in natural history provinces, or did they roam

universally ^ The answer is, Tliere were natui'al

history provinces then, and some of them were

limited to the same locality as they are now, and

others were either larger or smaller ; but still their

general position was very much the same as it is

now. The next question which follows as a

matter of course is, Were there peculiar animals,

characteristic of each natural history province

formerly, and what was the relation in size, shape,

and kind of those old creatures to those which now
characterise their especial districts 1 In answering

these inquiries, it is necessary to examine into

several branches of natural history, and to explain

minutely some of the more general assertions which

have been stated. When this subject of the

restriction of vast numbers of animals within

countries bounded by cei'tain natural barriers was

first carefully considered. Dr. Sclater characterised

the different provinces by certain of their birds;

by birds which cannot fly or swim. Following his

example, consider the locomotive powers of an

ostrich. It is a tall, long-legged bird, with long

toes which are not webbed ; it has a small body, a

long neck, and small head, and there are small

wings which flap the front and sides of the body.

The feathers are not like those of the birds with

powerful wings, and in fact, the wings are rudi-

mentary, being so nude that they are of no moi'e

use in the attempt to fly than the little wings of a

chicken just hatched. There are other kinds

of these wingless, long-legged birds, such as the

emu, cassowary, and there are South American and

African ostriches. Now the ostrich and its fellows

can scamper over plains and lowlands, and can

jump over many obstacles, but they cannot cross

wide rivers and arms of the sea, or climb or pass
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over high mountains. It is evident that such a bird

will be restricted in its roaming by many natural

barriers, and that so long as these last, so long

will the ostriches remain within them. A
long-legged, wingless bird is, therefore, a very

characteristic form of living thing in relation to

physical geography. If the land of South America

be barriers to them, and this is the case with the

elephants also. Again, all ancient animals

belonging to genera and species now extinct,

but which possessed structures similar to those

birds and quadrupeds, were subject to restriction,

and would be characteristic of their natural history

provinces. On looking at a map, some of the

Fig. 1.

—

Map showing the Natural History Province of New Zealand and Australia. (The hlach line limits the latter.)

ceased to be suri'ounded by barriers impassable by

the ostrich called Rhea, it would get into North

America ; but it is not found there, and, therefore,

it follows that the barrier which separates the

north from the south of America is as old as the

Rhea and its ancestors.

Other animals will explain the matter as well.

The ape and monkey are restricted by seas and

high mountains, and some cannot live beyond

forest land. The deer and horses can roam very

widely, but wide seas and very high mountains will

187

natural history proviiices can be discovered at a

glance ; for instance, those of New Zealand,

Australia (Fig. 1), and South America. The first two

are surrounded by wide seas, and the last has sea

on all sides but one, where there is the neck or

isthmus of land wliich separates it from North

America, and in tlie north of it there is a high

table-land which has already been described.*

It is evident that only birds of flight could

wander to and from New Zealand, and that all

* "Science for All," Vol. III., p. 354. •
'
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other terrestrial creatures of any importance cannot

leave it. When the first colonists went to New
Zealand they found that there were no quadrupeds

there ; and indeed, all that are there now, have been

introduced by man. They found, however, a multi-

tude of birds, and one kind interested them much.

It was a small fowl with a long beak, a large body

covered with silken or hairy-looking feathers, and

long legs. But it could not fly, and its wings were

small and useless. Its toes were not webbed.

This diminutive wingless bird was called

apteryx, and the natives knew it as the kiwi ; it

ran in a crouching manner amongst the ferns and

grass, and it could neither fly nor swim. Subse-

quently more species of the wingless birds were

found on the islands, and of course it is conceded

that they are the characteristic animals of the

natural histoi'y province of New Zealand. They

are not found anywhere else on the globe, and they

cannot get beyond the barrier which now surrounds

(in the shape of a deep ocean) their province.

Shortly after this bird had been noticed, a son of

the late Dr. Mantell, a very distinguished geologist,

found in a swampy place in the northern island of

New Zealand, the thigh, and leg, and side-bones of

some gigaiitic creature, and they were sent to

Professor Owen for examination. He saw that

they were not the bones of a mammal or a reptile,

but that they once belonged to a gigantic wingless

bird, to a bird which would be as much restricted

within natural boundaries a-s the little apteryx.

Since that time foui'teen different kinds of these

great birds, some ten feet in height, have been

found in New Zealand, and they have been

collected under the head of the genus Dinornis

(or "mighty birds"). j^!!mongst the bones of these

huge extinct birds, those of the modern apteryx

were found, and also bones of great penguins. No
great mammalia have beeii found whatever.

The interest of the discovery of these numerous

extinct birds has been increased by tlie finding

of relics of man in association with them. Men
killed and cooked the birds and grilled their great

Ijones, for these are found charred by fire and near

native implements. And the Maoris tell hoAv a

great bird called the moa, scampered 0A"er the ferrrs

and plains in the days of their forefathers.

These great birds, recognisable by their skeletons,

some of which are in the British Museum, have

not been found out of New Zealand. Hence
they were the cliaracteristic animals of the pro-

vince of New Zealand during the last geological

age, and they lasted down in diminishing numbers

to the age of man, and their became extinct.

Now it is evident that, size being left out of the

question, the present species of apteryx, which lived

with the giairts of old, represents the old and new
characteristic animals of the province, and that

there has been a persistence of the shape and
nieihod of life, or what is called "type," iir the

same area or country duriirg some geological

changes, and certainly during a vast lapse of time.

New Zealaird, as it now is, could not sujj-

port the existence of ireai-ly a score of kinds of

huge birds, plentiful in individuals, besides a vast

number of others. Was it ever a larger island ?

It is a curious fact that although the separation and
distinctness of the animals of New Zealand and

Australia are perfect, the river fish of New Zealand

should somewhat resemble those of South America.

Indeed, there is reason to believe that in the Ter-

tiary period there were lands, not connected in a

mass, between South America and New Zealand,

and that these islands once formed part of a much
greater surface. It was the diminution of this

country by the sinking of much of the land near*

the coasts, that probably caused the extinction of

the great birds, and man completed it. The
answer relating to former provinces, so far as New
Zealand is concerned, is that the former province

was restricted, and on nearly the same area as the

present, and there were characteristic animals on
it of the same type as the present ones.

The next natural history province to be con-

sidered is the Australian, and it is very interesting

because it is so perfect laow, and was so during

ages gone by. A map of the Southern Hemi-

sphere of the globe will show the vast island-

continent of Australia standing by itself in the

midst of the great ocean. Its limiting barrier is.

sea. But thei'e is an island to the south called

Tasmania, which is separated by deep water and

broad straits from the mainland. This island is

considered to belong to theAustralian province. To
the north and north-east of Australia there are many
islands, some small and others very large, such as

Melville and its associated islands close to the coast,

the great islands of New Guinea and Celebes, and

theAroo Islands, separated from Australia by Torres

Straits, in which there are small islands. To the

west of these are the islands of Timor, Floris,

Sumbawa, and Lombok, all in a line. Now to

the west of this last-named island, separated by a

narrow strait of a few miles' breadth, is a small

island called Bali, and it is the continuation south-

wards of the great line of islands of which
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Sumatra and Java are the most important. Now a

line drawn on a map through this nari'ow Strait of

Bali, and made to pass along eastwai'ds so as to in-

clude New Guinea and Celebes, and then to go south

and curve round Australia and Tasmania, until it

comes to Bali again, is one which includes the whole

of the Australian natural histoiy province. Mr.

Wallace, many years ago, disco^'ei'ed that this

narrow Strait of Bali separated and limited two of

the grandest natural history provinces, and that

there was hardly a quadruped on the Australian

side which resembled any on the other or Asiatic

side. All the islands mentioiaed

within the "line" that environs the

Australian province have peculiar

animals, which differ in every

resjiect from those to the west and

north, or in Asia and its islands.

The tiger, elephant, and monkey
exist on one side of this limit,

and the kangaroo tribe on the

other, and the creatures are never

found associated.

It will be noticed that the

surface of grounds occupied by

the Australian province is great,

and all the land surface, and for-

merly much nioi'e in some direc-

tions, belongs to the province

which is characterised by one

great sub-order of quadrupeds and

iive families out of six of another.

Except a few small, rat-like ani-

mals like those of the rest of the

world, and which very likely have

been introduced, all the native

mammalia of this great province are pouched—

-

marsupial animals. Here, again, is a defined

province with characteristic animals. It is neces-

sary to examine these, and then to pass on to the

considerations regarding the province which existed

there in the last geological age and its special

animals.

If thekangaroo (Fig. 2) betaken as the example ofa

pouch-bearinganimal—one of the Marsupialia (from

marsupium, a pouch)—its appearance can be readily

remembered. In its natural position—the body

half erect—its huge hind limbs, great tail, and small

fore limbs, long muzzle, and ears are very charac-

teristic. It seems to squat on its tail, and to be

:supported by long legs on very long and slender

feet. The fur is short and close, and may be of all

tints from light brown to dark brown and red.
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The creature hops like a huge rat, and evi-

dently the fore limbs are not of much use to it

during locomotion. They have important uses,

however. The wiist is \ ery movable, and, by em-

ploying both hands,, food can be taken to the mouth,

and the claws are weapons of defence. But the

most important use is in relation to the most in-

teresting part of the construction of the animal and

its life-history. The female may be seen at the

Zoological Gardens with two or three little heads

poking out of her body below the chest, and if

watched, as many little kangaroos will pop out of

Fig. 2.—Kangaroo.

a kind of bag, and after awhile will go in again.

This is the pouch wliich gives the name to the

order of which kangaroo, or, more properly. Macro-

pus (great foot) is a genus. The animal cleans out

its pouch, opens it, and even places the young

therein with the aid of its fore limbs. There are

two bones, one on each side of this pouch, which,

moreover, contains the teats in the female, called

marsupial bones. These last are present in the male

also. An anatomist, on examining the skull of a

marsupial like the kangaroo, finds the front teeth

widely separated from the hind ones, and that the

back part of the lower jaw is turned in, or inflected.

There is no probability of mistaking the skull,

limb-bones, and body-bones of a marsupial
;
they

are distinct and different from those of a tiger,

elephant, or ox.
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There are many kinds of kangaroo ; some inliabit animal has an inflected lower jaw, marsupial boneis^

plains, others rocky places, and there are tree a pouch, and the fore-limbs have the power of

kangaroos, with powerful tails, in New Guinea. wrist movement, and the hinder also of similar

Some small ones are very rat-like in shape, and are ankle movement. The teeth are remarkable for

about the size of a rabbit. They are the potoroos, their number in relation to the kangaroo's, and the

J; ^
^

—

Fig. 3.—The Wombat.

aaid they are rather nocturnal in their habits,

making little nests of grass. They are none the

less marsupial.

Another group or family of marsupial animals

leads a totally dififerent life to the kangaroo's, and

has its structure modified, to assist it in the struggle

for existence. The wombats (Fig. 3), orPhascolomides

(pouched mice), are about two to tlu-ee feet long,

and they have a short stump of a tail, a low body,

and strong and not very unequal limbs, ending in

broad extremities furnished with claws. They are

goers on all fours, and have plump bodies covered

with fur. Their head is short in front of the eyes.

Running well, the wombat takes to the ground,

acd burrows with great rapidity. Now this

front ones are very much like those of a rodent

animal such as a large rat.

The next family of marsupials is that of the

phalangers, of which the vulpine phalanger (the

brush-tailed opossum of the colonists) may be taken

as the tyjie. They live about the gi'eat gum trees,

and are very active during the night, but sleep by

day, and their shape is something between that of

a squirrel and a marten. They feed on vegetable

matter, as well as on msects and small birds, and

although they lead the life of a tree animal, they

are pouched, and have the inflected jaw, and other

marsupial peculiarities. They have a fine tail>

Some of these phalangers have the skin of tbtt

flanks so well developed, that it enables them to use
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it as a parachute, and fly from branch to branch.

Some of these animals are not larger than mice.

Closely allied to these is a small, long-tongued,

curiously-fingered marsupial, called the tait or

Tarsipes, and its shape recalls that of a lemur

known as Tarsius.

The pouched badgers, of which the bandicoot is

an example, are burrowers, and both root and

animal eaters, and they are as interesting as the

next group, the pouched ant - eaters. The

Tasmanian devil, a carnivorous and very ill-

tempered animal, is also a marsupial ; but its teeth

are more after the plan of those

of the ordinary carnivora, of the

Asiatic province for instance.

Its fellow carnivore is the dog-

headed Thylacine, or pouched dog,

or zebra-wolf, which walks in a

semi-plantigrade manner, and is

very dog-like ; but there is a

pouch present, and the other

characters of the order. A
little group of j^ouched weasels

also exists.

Thus it will be seen that whilst

in other parts of the world,

animals which lead the lives of

flesh-eaters, grass and leaf nib-

blers, root gnawers, fliers, and

insect devourers are of ditferent

orders of mammalia— such as

the carnivora, ruminantia, ro-

dentia, and insectivora—those

which lead these very diver,se

lives in the Australian natural

are included in one order, the

What were the animals of this province before

the present state of things and in the last

geological age ] Is there any relation in the

scheme of natui'e here, between the animals of the

past and present 1

Caves in the Wellington Valley, bogs under the

soil in the Darling Downs, gravels near Melbourne,

and many other places, in positions indicating

a considerable antiquity, wherever science has

searched in the South Australian provinces and

Queensland, have yielded bones in abundance.

These belonged to animals that lived when the

The Diprotodok {Restoration of the slalcton, after Owen.

history province

marsupial type

being modified to carry out their special life-

histories.

It is a remarkable fact, and one which relates to

the ancient histoiy of the globe, that one family of

marsupials which is not found in the Australian

province is known on the American continent. It

is that which contains the opossums. Hence the

Australian province is chai'acterised by the exis-

tence in it of all the families of the marsupial

animals except the opossums.

Besides the marsupials already mentioned, there

is another gi'eat group of them which is found only

in the Australian province, and it contains the

Echidna and the duck-billed Platypus. These

extraordinary animals are fovmd in Tasmania,

Australia propex-. New Guinea, and other islands of

the province.

country was less worn down than it now is, but

their examination proves that the old Australian

natural history province had the same characters

as the present.

One of the first results of the examination of

these bones by Professor Owen, was the discovery

that they one and all belonged to animals, which,

had they been living, would have been classified

in the same great marsupial group which contains

the modern characteristic fauna of the Australian

natural history province. Not a trace of the bone

of a tiger or elephant, or of any animal which lives

on the farther side of the natural limit and barrier

of "Wallace's line," was found, and not a trace of

any extinct creature resembling them. The pouched

animal was as cliaracteristic of the Australian pro-

vince in those ancient days as it is now. Most were

gigantic in size, and most died from off the surface

of the earth during the last great modifications
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of the surface of tlie globe wliicli initiated the

present physical geography of the region. The

natural history province was limited then, as now,

although the nature of the countries and their

extent within the limit differed ; that is to

say, the sea between the islands was dry

land, but in the midst of Australia, where

there is now the great central desert, there was

sea.

There was no difficulty in distinguishing amongst

the bones, those of creatures which if they were

now iving would be classified with the kangaroos

or MacropodidcE. But they were gigantic in size,

far exceeding the dimensions of the great kan-

garoo
;
they were fashioned on the same plan, and

were jumpers on their hind feet, grass and leaf

eaters, and they had the characteristic pouch-bones.

Some very well marked great kangaroos lived in

Australia before the existing state of things, and

with some of those kinds which have perished, and

are not now in existence. Even the tree kangaroo,

which is now restricted to New Guinea, had fore-

runners on the mainland ; for animals classified by

Owen under the genera Protemnodon and

Sthenurus, ' the last remarkable for its great and

sti'ong tail {stlienos, strength, oura, tail), belonged to

this clumsier kangaroo of the forest. Fossil bones

of an extinct kind of kangaroo rat were found, and

also many of the next great family of marsupials or

the wombats.

Amongst the many remarkable fossil remains

found in the Wellington caves, Darling Downs, and

Mount Macedon, Melbourne, and the Condamine

River gravels, were skulls, back and limb bones, and

teeth of a huge animal larger than any other from

the Australian province. "When piit together and

measured, the bones belong to a skeleton which

was (without the tail) nearly eight feet in length,

and five feet six inches in height. The tail was

probably long and kangaroo-like. The great skull,

thi"ee feet in length and nearly as much in height,

seems all face, so little space is there for the brain

at the back of it. There are two front teeth in

the upper and the same number in the lower jaw,

and they are enormous in size, even in relation to

the great size of the jaws. The grinders are dis-

tinct from these, and form a set ; the last ones being

six inches long, which could champ up and down,

but not move with the jaw from side to side. A
large arch of bone protected the principal muscle, the

temporal, which moved the lower jaw up and down,

and this jaw had the characters of the marsupials.

The openings for the eyes are large, and there are

strong dents at the back of the head for the insertion

of the muscles which come from the spine to enable

the head to be moved and supported. The mouth
is huge, but the structure of the teeth proves that

they were used to nibble, gnaw, and champ small

trees, boughs, and leaves. A strong spinal column

exists, and the ribs included a capacious chest.

Behind there are wide haunch bones, and thus the

shape of the body was very much after the fashion

of animals which at the present day consume large

quantities of vegetable food. The creature had

long blade bones, and, strange to say, although the

skull is made after the kangaroo model to a certain

extent, the fore limbs, instead of being short and

smaller than the hind ones, are long, and as large,

in comparison to the hind legs, as are those of most

quadrupeds of other kinds than marsupials. The
animal walked on all fours, and was not mainly

supported by the hind limbs, as is the kangaroo.

Moreover, the fore-arm bones had the power of

movmg so as to turn the wrist up and down, as in

the kangaroo, and this gift undoubtedly had to do

with the animal's pouch, and the nursing of its

young therein. Great as were the hind limbs, still

the thigh-bone was the largest in them. There

was a knee-cap, and the animal bent its knees as

the elephant does. From the huge size of the front

teeth, the animal was called Diprotodon by Owen,

who described it. (Fig. 4.) But how did diprotodon

move and feed? It ran, but did not jump, and its

vast bulk—for it was aslai'ge as a rhinoceros—would

prevent it from moving more rapidly than at a

sharp trot. The feet have not been discovered, but

doubtless they had nails. The shortness of the

neck is remarkable, and diprotodon could not graze

unless it went down on its knees, or unless it had

a trunk on its head. Probably it lived on the

shoots and leaves of trees, and it was, therefore,

a slow-moving, on-all-fours, vegetable-eating marsu-

pial. This vast creature became extinct before

man appeared on the Australian disti'ict. It had

no means of defence, and its small amo\int of brain

indicates a very simple method of life. Small

skeletons have been found in some caves in which

a great carnivorous marsupial lived, and probably

they had been brought in by it as prey. The

anatomist, under the guidance of our great teacher,

Richard Owen, can distinguish much that is of sur-

passing interest about these great bones. Some, in

their shape and position, recall those of animals still

lower in the scale of classification, and others indi-

cate that if the diprotodon had lived to the present

day, some of the structures of the wombat would be
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recognised to exist with those of the great elephan-

tine-looking kangaroo.

Another animal lived at the same time as dipro-

todon and roamed over the same line of country,

leading very much the same kind of life. It was

smaller than its huge companion, but had the same

shape. The front teeth differed, however ; for in-

stead of the tusk-like incisor of diprotodon, this

animal had a smaller tooth with a limited fang.

The skull was gi-eat, but there was less face in front

of the eyes, so that it resembled the modern

wombat in that particular more than the long-faced

kangaroo. The arch of bone on the side of the

face, which protected the muscles of the lower jaw,

was larger than in diprotodon. It. was a vegetable-

feeder, which moved on all fours, like diprotodon,

and Owen called it the Nototherium (notos, south).

This creatui'e became extinct with its greater com-

panion. Although it was a marsupial animal, it

has left no descendants. One extinct wombat was

indeed gigantic, being of the dimensions of a tapir.

It was, of course, not a burrower ; but there were

smaller ones, resembling much the modern wombat,

which pi'obably led its particular method of life.

The phalangers were a family in those old days as

now, and one skeleton found, resembles that of the

modei-n vulpine phalanger. Moreover, there is a

fossil which resembles the bandicoot in its skeleton.

Again, there were fossil species of the cai-nivorovis

marsupials, and one is referred to the native Dasyure

or " native devil," whilst another a2ipears to have

belonged to an animal resembling the dog-headed

thylacine. Both of these animals now live in Tas-

mania only; but formerly, and during the age of the

great marsupials, they lived on the mainland.

At the present time, the distinctions betAveen the

jumping or saltigrade and the on-all-fours-moving

marsupials are evident, and the kangaroo and the

wombat illusti'ate this. But in the past age there

were animals which linked the two gi-oups together.

Tlie extinct gi-eat kangaroo was one of the distinct

kinds, and diprotodon, moving like an elephant.

was the other. Moreover, several kinds of kangaroo-

like things had shorter and stouter feet, and longer

fore limbs in relation to the gi-eat huid ones than

in the kangaroos.

The last set of bones which have to be mentioned

as having been found in the Australian caves

belonged to animals now extinct, whose skulls were

very remarkable. They were characterised by twa

great front teeth in the upper and lower jaw witln

shai-p points. Then came some very small teeth,

and then above and below and on each side of the

mouth, an enormous tooth with a long cutting

crown. To this succeeded, in the lower jaw, a

coujDle of sharp crushers. The muscular markings

on the outside of the skull were gi-eat, and the

animal was large and powerful. The bones had the

characters of those of the pouched animals, and

Professor Owen called this one, the pouched lion, or

Thylacoleo. It was probably the great enemy of

young and invalid kangaroos and dipi-otodonts, but

it is extinct. Finally a fossil echidna, or "porcupine

ant-eater," has been found in the Darling Downs,

and also remains of wingless birds, resembling the

emu and cassowaiy.

Thus Australia as a natural history province, was^

as well defined and characterised by marsupials and

echidnas in the last geological epoch as it is

now. The present assemljlage of animals there, is

separated by seas in some instances, for certain

kinds are peculiar to New Guinea and Tasmania,

for example ; but formerly that was not the case, or

not so much the case. It appears that some of the

existing kinds lived in the remote past with the

gigantic marsupials, and thus there has been no-

cataclysm which destroyed those great forms from

off the surface of the earth. They probably died

off, from change of climate and restriction of their

roaming-grounds ; and one of the great causes was

the uprise of the floor of the great central sea, and

its becoming a M'aterless, dry, torrid, barren desert.

Thus the New Zealand and the Australian provinces

tell the same kijid of story.

FLINT.
By Professor Barff, M.A., Christ's College, Cambridge.

ON the English sea-shore, particularly at Kams- and loose : it will mark your clothes. It is evi-

gate and Margate, where chalk cliffs are found, dently chalk, and the cliffs about are chalk, so it is

you will see many irregularly-shaped stones quite plaiir that these stones come out of it. INIore-

white on the outside. The white is often powdery over, if you examine the cliffs themselves, you will
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see in various places stones like them, standing

partially out of the rock, and lower down, at the

bottom of it, long layers of similar stone

material will be observed to run along ia the chalk

for a gi'eat distance. Sometimes, two or more

layers ai'e above another, with an interval of a foot

or two between them ; and these layers vary in

thickness in different parts, from half an inch to

one or two inches.* If, now, you throw one of

these white stones on to a larger stone with

sufficient violence, it will break, and the inside will

be found to be nearly black ; but observe the broken

surfaces : you will lind them to be smooth and

undulating. If, however, you strike the stone with

a hammer, so as to break it into several pieces, you

will observe that the surfaces of all the pieces are

similar, but that some of them will have sharp

edges—sharp enough to cut wood. Now these

stones are called flints, and all common stones which

break in a similar manner are composed mainly of

the same material, whatever may be their colour.

This cleavage, as it is called, has received the name
conchoidal, from the resemblance of its surface to

that of an oyster or other bivalve shell. Most of

the flints found in the chalk are black inside. If

one of them be put into a fire, in its hottest part,

and be left there for some time, it will be found to

liave become nearly white. Flint is very hard, and

although it can be broken easily by a smart blow

with a hammer, yet it is extremely difficult to

reduce it to powder ; but after it has been heated

to a white heat in the fire, it is much more easily

powdered. If, when it is white hot, it be quickly

taken out of the fire, and be thrown, white hot, into

cold water, it will on examination be found to be

full of cracks. It can then be powdered in an iron

mortar with much greater ease. This is an experi-

ment which it would be well for those to try who
are anxious to thoroughly follow out and under-

stand this paper. Why does the flint become
white when heated 1 It is because it owes its black

colour to the presence of organic matter, and this,

in the fire, is burned into carbonic acid gas by the

oxygen of the air, and goes away. And why does

it crack 1 Because the flint is an aqueous forma-

tion ; that is, it is formed in the presence of

moisture. Sometimes there will be seen yellow

spots on the outer surface of such a flint. These

are due to the presence of oxide of iron. It would

be well, when the opportunity offers, to break other

* As the geological relations of flints have already been
discussed in " Science for All," Vol. I., p. 66, we confine

ourselves mainly to their chemistry.

stones, and examine the broken surfaces—for

example, those smooth grey or brown oval stones

which are so common on the sea-shore—and in no

case Avill a cleavage be found similar to that of

flint. But there are many stones differing in colour,

although they are generally of a brown or yellow

tint, which break in exactly the same way that fliat

does. These too are flints, and they are coloured

by metallic oxides, usually by oxide of iron.

There are also to be found on the beach very

beautiful white stones : these are generally very

pure flint. Alum Bay, in the Isle of Wight, is

famous for its coloured sands, and among these

is one which is quite white. All the sands—in

fact all proper sands—are of the same composition

as flint, but they, like the various-coloured flint-

stones, are coloured with organic matter, or by

metallic oxides. The white sand, however, is free

from all impurities, or nearly so, and is largely used

in a manufacture which will be treated of at

another time.

The chemical name for flint is Silica. It is an

oxide of a non-metallic element called Silicon.

Twenty-eight parts by weight of sUicon unite with

twice sixteen, or thirty-two parts by weight of

oxygen, to form this substance. Its composition

is invariable, so that wherever flint or silica be

found, it always contains the same proportionate

weights of these elements, although the appearances

which it assumes may differ greatly. In order to

facilitate the representation of chemical substances,

simple or compound, as well as to show simply

chemical changes, certain symbols are employed to

represent these bodies in the quantities in which

they act upon one another. These symbols have,

to those who have not studied chemistry, a very

alarming appearance, and when they are introduced

into a .paper which is intended for the general

reader, they often prevent him from attempting to

read it. Now, i-eally, this seems to be a mistake,

for when understood as to their meaning they are

not only not difficult, but render much more simple

the explanation which they are intended to give.

Just read back a few lines, and you will find that

many words are used to explain the composition of

silica. The " symbol " SiO, represents all this.

These " symbols " have been frequently used in the

course of the chemical discourses which have

appeared in these volumes ; and though they have

been explained at the time, yet it may be useful at

the present stage of our studies to enlarge on the

important question of chemical nomenclature some

what more than has hitherto been done. Let
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us examine SiO^, and see if it is difficult to

be understood. "Si" are the two first letters of

the word silicon, but they do not stand for it

;

they mean more than the simple element—they

mean twenty-eight parts by weight of it. When-
ever " Si," therefore, appears in any chemical book,

whether alone or with other symbols, that is its

meaning. " O " means sixteen parts by weight of

oxygen ; therefore " " means twice that quantity,

and "O3" three times sixteen parts, and so on. The

small numbers, which denote the number of times

Avhicli the symbol to which they are attached is to

be taken, are usually put after the symbol, and

below it. This is the best method, because then

they cannot be confused with algebraical powers,

which they do not resemble at all. In some books

on chemistry, however, they will be found put

above, but this makes little matter, if it be

remembered that they do not mean the same thing

as similar figures do in algebra. Before the con-

clusion of this paper, other opportunities will

occur of further explaining the \ise of symbols.

We have already considered briefly only one

form in which silica, or flint, occui-s in nature.

Fig, 1.—Crystals of Quartz.

For the future the word silica will be used,

and not flint, as that is only the name for

one form of it. Silica exists in natiure in many
forms : sometimes it is crystalline, and sometimes

amorphous ; that means not crystalline. Flints are

amorphous, but occasionally if a flint be broken it

will be fovind to contain a cavity full of beautiful

colourless crystals. Such flints are often found on

the sea-shore. Tlie cavities in flints are often large,

and the bottoms or bases of the crystals adhere to

their sides, the points projecting towards the middle

of the cavity. Now and then the crystals in

smaller cavities overlap one another, and at first

sight cannot be easily distinguished. The crystals

in these cavities are not always white ; in yellow or

brown flints they may be tinted. When silica

occurs crystallised, it is called quartz. Very large

crystals of quartz have been found, and may be

188

seen in almost every public and private collection

of minerals. The crystalline form of quartz is a

six-sided prism, with a six-sided pyramidal top

(Fig. 1). Quartz crystals are extremely hard
;
they

will readily scratch glass, though they will not

cut it as the diamond does. Many valuable stones:

used for ornamentation are composed of silica.

Chalcedony, jasper, opal and agate, are all

silicious minerals. It will be explained at a future

time how the various beautiful forms in agates are

supposed to occur. Silica is also a principal con-

stituent of granite, and it, with other substances,

forms felspar ; also a constituent of granite which is

largely used in the manufacture of porcelain. It

also occurs in all the stones which are used in

building. It is the material which largely assists

in binding together the particles of the difierent

substances of which they are composed. Silica is

also found in plants, and in very many minerals,

some of which consist almost entirely of it. It

forms also the framework or skeleton of many
sponges ; it assumes very beautiful forms in the

microscopic diatom ; it is deposited from the

boiling springs of Iceland, and is found in small

quantities in sea-water, and all sorts of fresh-

water. We will now proceed to consider the

chemical properties of silica. It is not acted upon

by any of the ordinary mineral acids, such as sul-

phuric, hydrochloric, or nitric acid. There is, how-

ever, one acid which attacks it readily : it is called

hydrofluoric acid. If a piece of flint be boiled for

any length of time in either of the three first-

mentioned acids its weight will not be diminished,

nor will silica be found in the acid by any of the

tests which will

be presently ex-

plained. Alkalies,

however, act upon it,

and dissolve it. If

you take some of the

flint which has been

heated and thrown

into cold water, and

powder it in an iron

mortar, and then boil

it for some time in a

solution of caustic

soda or potash, you

will, on examination, find that a considerable

quantity of it has been dissolved.

To pei'form an experiment to illustrate this, a

small silver dish should be used, as neither caustic

soda nor potash acts on this metal ; but as silver

Fig. 2.—Dissolving Flint."
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dishes may not be easily obtained by some of my
readers, a Berlin dish will do. Arrange it as

shown in Fig. 2, and after boiling for an hour, filter

off the liquid, and when clear add to it, first, some

hydrochloric acid, until a piece of blue litmiis paper

when dipped into it becomes bright red, then add

ammonia solution till it smells of ammonia, and a

white precipitate will be thrown down. This

precijiitate wUl be silica in a form very different

from that in which it existed in the flint. Blue

and red litmus paper can be obtained at any

operative chemists, as can also necessary apparatus.

The reason why a Berlin dish for this experiment

is not as good as a silver one is, because the dish

itself contains silica, which is dissolved in small

quantities by the alkali (potash or soda) ; but for

the pui'pose of this

experiment that does

not very much mat-

ter, as a much larger

quantity of the flint

will be dissolved, it

being in the form of

a fine powder, thus

exposingamiich larger

surface to the action

of the alkali. For

commercial purposes,

whei'e silica is largely

used, this operation is

performed, but under different conditions. The

vessel in which the flint and alkali are heated is

called a digester ; it is a closed vessel, constructed

as shown in Fig. 3. It is made of strong iron

which will stand a pressure of eighty or ninety

pounds to the square inch; it consists of two vessels,

one placed within the other, leaving a cavity of

from five to six inches between them, b rejire-

sents this cavity. The charge of flint is put into a

net c made of iron wire, (the flints having

been heated and thrown into water, but not

ground) ; it is suspended in A, the solution of

caustic potash or soda, made strong, is also poured

into A, the whole is covered by a strong iron lid,

which is tightly screwed on the top so as to close both

cavities, and then steam is blown into B through

the pipe D. Because the vessel is closed the

temperature of the water in A is raised far above

that of ordinary boiling water, which is 212° Fahr.,

under a pressure of 70 lbs. that is, about 121° C. or

nearly 250° Fahr., and at this temperature the flint

is dissolved very rapidly, and forms a solution

which in consistency resembles treacle, though its

Fig. 3.—Section of a Digester.

colour is not dark. If, instead of hoiling the flint

in a solution of alkali, it be mixed in the state of

powder with excess of carbonate of soda or of potash,

or better, with a mixture of both should it be desired

to perform the experiment at a low temperature

and more rapidly, it will, on being heated, form a

kind of glass. This is done by putting the mixtavc

into what is called a London crucible (a small

cheap one about four inches high will do). The
lid should be fixed down with a little fire-clay

—

fire-clay can be bought at oil shops—rub some

down with Avater to the consistency of putty, and

plaster it immd the lid, and fill in the opening

where it covers the crucible; let it dry slowly in front

of the fire. When the fire-clay luting, as it is

called, is dry, put the crucible into the centre of a

hot kitchen fire, and pile coal or coke round and

above it, and leave it for an horn- or two, then

take out the crucible, and when it is cold it will

be found to contain a substance like glass. Break

the crucible, take out the glass, powder it, and boil

it in water for some time, the glass will dissolve,

i.e., the silica will be in solution, and its presence

can be detected by the method already described.

The reason why carbonates of soda and potash are

used together is, that a mixture of them acts more

rapidly and at a considerably lower temperatui'e

than either of them does when used alone; and the

reason why a carbonate is substituted for the

caustic alkali is, that at a high temperature the

caustic alkali melting would attack the silica and

another constituent of the clay of which the

crucible is made, and probably destroy it. It has

been several times stated that in these operations

the silica has been dissolved : this is hardly a

correct statement; however, it was necessary to

make it until the time arrived for an explanation

of what really takes place. Let us take the case

where caustic soda is used :—soda, for that means

caustic soda, (washing soda is often called soda,

this is wrong : washing soda is carbonate of soda),

is a compound of a metal sodium with oxygen and

hydrogen. Natrium was a name formerly given to

this element
;
Na, its first two letters, has been

adopted by chemists to represent 23 parts b_y

weight of it
; O, we have already seen, represents

16 pai-ts by weight of oxygen, and H, the initial

letter of the word hydrogen, is the symbol for

one part by weight of hydrogen ; therefore NaHO
represents 23-fl6 + l = 40 parts by weight of caustic

soda, or, as it is called in chemical books, socUc

hydrate. When it is desired to represent 80 pai'ts

of this substance, NaHO is taken twice^ and this is
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written thus : 2]SraH0. When SNaHO is boiled

with silica we represent the mixture as 2NaH0+
SiO, ; the water in which it is boiled is not repre-

sented, as it remains imchanged, excejit that it

evaporates and fresh water has to be added from

time to time ; the water employed should always

be distilled water, which can be obtained at the

chemist's. And now let us consider the change

which takes place, and how it should be symboli-

cally represented. A direct union takes place

between the silica, the sodium, and the oxygen,

therefore we get, Na^SiO.-,, and and O are

thrown out, but they unite chemically, which is

expressed by writing them together thus, HjO

;

now if we add the weights of these together we
shall find it to be 2 + 16 = 18 ; that is, repre-

sents 18 parts of the compound which oxygen and

hydrogen form when they unite in these propor-

tions, and this substance is water. The whole

operation is represented symbolically by an

equation, so called because the weights of the

svibstances on both sides of the equation ai'e equal,

and it is written thus :

—

2NaH0 -t- SiO., = Na^SiO,, 4- H,,0.

It will now be seen that, after the experiment

has been performed, the silica does not remain as

silica, but is changed into a new compound. Silica

cannot be dissolved in water, though it can be

held in solution in water, as will be shown here-

after ; and it is not dissolved by caustic soda, but

is changed by it into another substance, which is

soluble in water, and so is said to be dissolved in it.

The new compound ' which is formed is called

silicate of soda, and the symbol for 122 parts by
weight of it is NajSiOj. In the second experi-

ment, where carbonate of soda is fused or heated

in a crucible with powdered flint, the changes which

take place are somewhat different. C, the initial

letter of the word carbon, is the symbol for 12

parts by weight of it. Carbonic acid gas is

formed by the union of C with O2, and is written

thus, CO,, and when CO, unites with oxide of

sodium, Na,0, it forms carbonate of soda, whose
symbol therefore is NajCOg. We therefore

express in symbols the mixture of flint and car-

bonate of soda thus—Na^COg-fSiO, ; and here

let it be undei-stood that whenever the sign -t- is

used, it implies that the bodies which it connects

together are simply mixed, not chemically united,

but that when the symbols are put together with-

out this sign, they are in chemical union. The

action of heat, at a high temperature, on this

mixture is to make the silica drive out or expel the

carbonic acid, and take its place by uniting with

the soda, and the following is the symbolical repre-

sentation of this action :

—

Carbonate of soda. Silica. Silicate of aoja. Carbonic acid.

Na,C03 + SiO, = Na,Si03 -f CO,

or, as it is sometimes written—and it is a clearer

way of showing the change

—

Carbonate of soda. Silica. Silicate of soda. Carbonic acid.

Na,OCO, -t- SiOa = Na,Si03 + CO,

If the weights of each substance on each side of

the sign = be added together, they will be found

to exactly correspond, and it will be observed that

the resulting compound, silicate of soda, is exactly

the same as that formed in the first experiment.

Silicate of soda and silicate of 2:)otash are now
largely used. A fuller description of them will

be given at another time. If to a solution of

either of them hydrochloric acid be added, a
gelatinous precipitate will be formed, if the

solution of the silicate be strong, but if the

solution be dilute, no precipitate will appear,

although a chemical change will take place ; but on

the addition of ammonia to the dilute solution with

hydrochloric, a white precipitate will be fomied,

more or less abundant, according to the strength of

the solution. It will be here necessary to consider

the change which takes place when the hydro-

chloric acid is added, and to explain the different

results jJroduced in the two solutions. Hydro-

chloric acid is formed by the union of chlorine

gas with hydrogen. CI, two letters from the word

chlorine, ai'e used as the symbol to represent 35 -5

parts by weight of it. In forming hydrochloric

acid, one part by weight of hydrogen unites with

35-5 of chlorine; so the symbol for 36-5 parts of

hydrochloric acid is HCl. When this acid, there-

fore, is poured into a solution of silica of soda, the

mixture and action are represented thus :

—

Silicate of Hydrochloric Chloride of wofpr
soda. acid. sodium. Silica.

Na,Si03 + 2HC1 = 2NaCl + H^O + SiO^

Silicate of soda and hydrochloric acid give chloride

of sodium, water, and silica. Chloride of sodium

is common table-salt, which we eat ; but the water

ought not to be separated by the sign + from the

silica, because they really unite together chemically

when the change takes place ; so that we should

say, when mixed together, silicate of soda and

hydrochloric acid produce chloride of sodium and

§ilicate of hydrogen ; and this latter body is called
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Lydric silicate, just as the first is called sodic

silicate. The reason why no precipitate is formed

when the solution of sodic silicate is dilute, is that

although the same change exactly takes place, and

silicic hydrate is set free, the silicic hydrate remains

dissolved in the excess of hydrochloric acid present,

over that which is required to elfect the decompo-

sition, for silicic hydrate is soluble, to a certain

extent, in the acid ; but where the solution of silicate

is strong, more silicic hydrate is formed than can

be dissolved by the hydrochloric acid present. This

can be proved by taking some of the gelatinous

pi'ecipitate on the end of a glass rod out of the

test tube in which the experiment was performed,

and putting it, with more hydrochloric acid, into

another test-tvibe, and boiling it for a short time

;

then filtering it, and adding ammonia, a similar

precipitate will be given to that obtained on other

occasions, showing that silicic hydrate has been

dissolved, for hydrochloric acid does not ordinarily

contain this substance.

It is now time to mention another name which is

given by chemists to silica. It is called silicic acid.

Now why should it be called an acid 1 It is not a

liquid, as most acids we see are ; it is not soluble, as

are those acids, such as tartaric and citric acid, with

which effervescing drinks are made ; and it does

not taste sour, as do all acids with which most

people are acquainted. If you will look back at

the symbolical representations already given and

explained, you will see that in the last, silicic acid

changes place with carbonic acid, and because it

can do this it is

rightly classed

with the acids.

Again, in the first

experiment it is

seen that it unites

directly with the

alkaline substance

sodic oxide, formed

in the decomposi-

tion by the expul-

sion of water from

the sodic hydrate
;

and this, again, is

property

which all acids

of being able to unite with alkalies,

they are called, bases, to form corn-

called salts. Silicic acid is

weak acid. If you put it

Fig. 4.—Experiment showing the Precipita- „„ ^iV,™
tion of SUicic Hydrate.

anomer

possess

or, as tney are

pounds which are

what is called a

with carbonate of soda you can effect no change

until it is heated to a very high temperature,

and then it will, as has been seen, drive out car-

bonic acid and take its place. The following is

a very interesting and instructive experiment to

perform. Take some of the silicate of soda you
have made, or, if you have not done so, get some

at an operative chemist's, in solution, put it into a

test-tube, and pass carbonic acid into it. Tlie

apparatus is shown in Fig. 4. Into the bottle A put

some lumps of white marble, through the tube B

pour in some hydrochloric acid, and carbonic acid

will be given oflT. Pass it into the solution of sili-

cate of soda contained in c, and in a short time a

gelatinous precipitate of silicic hydrate will be

thrown down. The equation representing this is

as follows :

—

SiUcate of Soda. Water. Carbonic Carbonate of Silicate of
Acid. Soda. Hydrogen.

Na^SiO., + H,0 + C02 = Na,C03 + H.SiOg

You will observe that it is nearly the same as

that representing the action of cai-bonate of soda on

flint at a high temperature, only it is reversed. In

that case silicic acid turned out carbonic acid, but

here carbonic acid turns out silicic hydrate. A
specimen of pure silica or silicic acid can be ob-

tained in the following way :—Add to a solution

of silicate of soda an excess of hydrochloric acid

;

then, when the precipitate is all formed, add a

quantity of distilled water, and stir it about with

a glass rod. This operation is usually performed in

a beaker glass, which can be obtained at a chemist's.

Allow the silicic hydrate to settle, pour oft' the

water, and repeat the washing several times ; then

put the gelatinous mass, after filtei'ing off" the water,

into a Berlin dish with some hydrochloric acid

diluted with water, and boil it. This is to remove

any metallic oxides, such as iron oxide, which

might be present. Dilute with water, filter, and

while it is on the filter-paper, wash it well with

water
;
then, when dry, transfer it again to the

Berlin dish, and heat it to a red heat ; in fact, make

it as hot as you can. The silicic hydrate will part

with its water at a high temperature. HoSiOg, or

HjOSiOj, will become SiOg -|- HjO, which latter

will pass oft" as steam. In the Berlin dish will

remain a fine white powder, very light and easUy

blown away ; this is pure silica, and is as insoluble

in water or acids (except hydrofluoric acid) as

flint itself. You will now perceive that silica, to

be soluble in water or in ordinary acids, must be

chemically combined with water—must be, in fact,

silicic hydrate, and it is in this form that it is dis-

solved, and remains dissolved in ordinary waters,
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though in very small quantities. Silicic hydrate is

what is called a colloid body—that is, it is of a

viscid, glue-like character, and this property is

taken advantage of to separate it from certain

other substances, so as to get it dissolved in a

pure state in water. It is found that when certain

liquids of different densi-

ties are separated by a

bladder they mutually pass

through it, the one into the

other. When one of these

liquids contains a colloid

substance, it will not pass

through the bladder. Sup-

pose a coloured non-colloid

substance be put into a

bladder, and if the bladder

be suspended in a vessel

containing a colloid solution,

''Colloid'- Body will not thj.Quo-h the bladder into
pass tlirough a Bladder. »

that solution, but the colloid

substance will not pass into the bladder. The

arrangement for this experiment is shown in

Fig. 5. A is a beaker glass containing the

colloid solution, and b is a small bag made of

bladder, containing the coloured solution. A
'very pretty experiment to illustrate diffusion

Fig. 6.—^Experiment Blustrating tlie Property ot " Bifhision."

is prepared as follows :—Put into a dialyser a

solution of iodide of potassium, and into the vessel

of water in which the dialyser floats some ordinary

starch mixed with water—a small quantity of boiled

starch will do—and into the starch in water put a

few drops of yellow nitric acid (it must be yellow,

and can be bought at an operative chemist's) ; in

time the iodide of potassium will pass through to

the starch ; the yellow nitric acid will decompose

it, iodine being set free, and the free iodine will

colour the starch blue. For performing the experi-

ment, to obtain a pure solution of silica, the dia-

lyser to be used should be made of a ring of

gutta-percha (Fig. 6, a, a) about two-and-a-half inches

deep and less than a quarter of an inch thick, it

should be five or six inches in diameter. Another

much smaller ring should fit over it rather

tightly (6). Stretch a piece of vegetable parchment

(c) over the larger ring of gutta-percha, and then

press the smaller ring over it : it will have the

appearance of a tambourine. It is shown in

Fig. G, A. Now take some silicate of soda and

dilute it, so that the solution does not contain

more than five per cent, of silica. As it would be

very difficult for an inexperienced person to deter-

mine this, if you dilute with water until hydro-

chloric acid gives no jjrecipitate in the solution,

for an illustrative experiment like this you will be

near enough. Make the solution distinctly acid with

hydrochloric acid : this will be i)roved by using blue

litmus paper ; then pour it to the depth of less than

half an inch into the dialyser, and fioat it on the

surface of distilled water in any convenient vessel

(Fig. 6, b). After a short time it will be found

that hych-ochloric acid has passed through tlie

dialyser into the distilled water, and this may
be proved by taking some of it in a test tube, and

adding a dilute solution of nitrate of silver to it,

for immediately the two liquids come in contact a

white precipitate will be formed. The water in

which the dialyser floats should be changed twice a

day, and tested for hydrochloric acid, and this

should be repeated till nitrate of silver gives no

precipitate in it. The liquid in the dialyser can

then be put into a bottle, it will be found to be

clear, and coloui-less, and tasteless ; it will very

slightly redden blue litmus paper, for now the

silica is in position to manifest in this way its

acid properties. If the solution contain fully five

per cent, of silica, it will set to a jelly, if it be

exposed to the air, in a short time, and this jelly

will gradually contract and become hard. The wiiter

has some which is so hard that it will scratch glass.

When broken it shows the conclioidal fracture just

as flint does. If the solution contain only four per

cent, of silica, it may be kept for a long time, but

at last it will gelatinise, and it should always be

preserved in a stoppered bottle. While the

dialysing process is going on, the dialyser should be

covered with a sheet of paper to keep out dirt. It

has been already stated that the only acid which

will act on silica is hydjofluoric acid. It will be

necessary to describe its composition and prepara-

tion. Derbyshire spar is well known to all, it is

Tised for making all sorts of chimney oniaments,

candlesticks, ikc. It varies in colour, but is generally

purple and semi-transparent. Its chemical nanu-" is
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fluoride of calcium ; its composition is forty parts by

weightof calcium, andtwice nineteen partsof fluorine.

Calcium is a metal "whicli with oxygen forms lime.

Ca represents 40 j)arts by weight, and F represents

19 parts by weight of fluorine, therefore 78 parts

of fluoride of calcium will be represented by the

symbol CaF^. Hydrofluoric acid attacks silica,

and glass contains silica, therefore it cannot

be made in a glass vessel ; lead or platinum

vessels are used in its preparation. When
the vessel is made of lead, it is iisually of

the form and construction shown in Fig. 7. A is

the part which contains the mixture, B is tlie cover,

and c the delivery pipe ; the cover fits into a groove

as shown in the section, and this gi'oove is filled

with strong oil of vitriol to prevent the escape of

the gas ; should the delivery pipe c require to be

lengthened, this can be done by using a gutta-

percha pipe, for this material is not affected by hydro-

fluoric acid, in fact it is always kept in solution in

gutta-percha or lead bottles. The gutta-percha

pipe can be connected to the lead delivery pipe by

Tig. 7.—Experiment Showing the Preparation of Hydrofluoric
Acid.

a small india-rnbber tube connection. Coarsely-

powdered fluor-spar and strong oil of vitriol should

be put into A, and mixed quickly with a wooden

or even a glass rod, for in the short time it would

be in use, the glass rod would be only slightly acted

upon ; the cover should be put on as desci-ibed,

and the whole placed on a sand-bath, D ; the

temperature should be kept low. Hydrofluoric

acid gas will at once begin to pass off, and it should

be conducted into water contained in the bottle E.

Hydrofluoric acid is very soluble in water, and in

a short time the water in the gutta-percha bottle,

E, will be saturated with it. It should be corked

up at once, and with care will keep fit for use for a

long time. In experimenting with this substance

great care should be taken not to inhale the fumes,

as they are very injurious, and equal care should

be taken not to get any of the acid on the fingers,

as it causes veiy unpleasant sores which are diflfi-

cult to heal. A small experiment can easily be
performed to show the properties of this acid. Get
a clean leaden inkstand, such as is used in school

desks, put into it a small quantity of powdered
fluor spar mixed with strong oil of vitriol, and
gently warm it over a lamp ; stand it in a little

sand jjlaced on an iron plate : soon fumes of the

acid will be seen to come off, remove the lamp, and
place over the opening in the inkstand a piece of

glass : in a short time the polish on the glass will

be destroyed by the decomposition of the silica,

contained in it. If the glass be coated with wax
or tallow, and designs be scratched through the-

wax down to the glass, it will be protected by the

wax from the action of the fumes, which will only

corrode the designs traced, so that they will be^

engraved into the glass. The explanation of the=

action of hydrofluoric acid on silica is very

simple :

—

Silica
Hydrofluoric w„tpr Fluoride of

oiiica.
j^^^^ water.

giUcon.

SiOa + 4HF = 2{B.,0) + SiF^

water, and a substance which is a gas, called

fluoride of silicon, being formed. If this gas be

made in a suitable vessel from which it can be led

into water, it is decomposed, and a white substance-

immediately appears in the water. This white ^

substance is pure silicic hydrate, and, when dried

and heated to a high temperature to expel the-

water of the hydrate, becomes sUica. This is the-

best way to prepare a sample of pure silica. The

action of water on fliioride of silicon is thus,

symbolically represented :

—

Fluoride of
Silicon.

Hydrofluo si-

licic acid.
Water. Silica.

3{SiF^) + 2(Hfi) = SiO, + ^(HsSiFe)

It will here be seen that one-third of the silicon in

the fluoride imites with all the oxygen of the water-

to foiTO silica, while the remaining silicon, the

hydrogen of the water, and all the fluorine unite to

form a new body, which is called hydrofluo silicic:

acid. The brackets used here imply, as in algebra,

that the figure outside the bracket multiplies all the

quantities within it. Thus, 3(SiF4) is the same as

SijFjj. Perhaps an apology is necessary for being

so minute in one's explanations ; but as some who
will read this paper require such explanation,,

those who do not will pai'don what is useful to-

others. Fluoride of silicon can be made easily

with care. Take a common Florence flask, quite-

clean ; it can be freed from oil by washing it with

a strong solution of common washing soda, and be-
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Pig. 8.—Exi)eriment sliowiug liow Fluoride
of SUicon is made.

<lried by warming it over a lamp, and sucking out

the steam formed in it with a long clean glass tube

inserted almost to the bottom of the flask. Care

should be taken not to make it too hot, as the

moisture condensing above in the cold part of the

flask may run down on the hot part and crack it.

To avoid this, the flask should be continually turned

round while over the flame of the lamp. When
the flask is dry, fit a cork into its mouth with a

hole bored through it
;
put one end of a bent glass

tube through the hole, then cause the other end to

dip into a small Berlin crucible containing a little

quicksilver, and which stands immersed in water

inabeaker glass.

In Fig. 8, F is

the flask, d, the

delivery tube, c,

the cup of mer-

cury, B, the

beaker glass.

When all is

completed, de-

tach the flask,

and pour into it

a little oil of

vitriol. Use
only enough to

moisten the flask all over on the inside, and
eflect this moistening by turning the flask

about. Then put in some finely-powdered glass,

and shake it about : it will stick to the oil of

vitriol, and will so line the flask. Then make a

mixture of powdered glass and powdered fluor spar

in about equal pai-ts
;
put this into the flask, and

pour in strong oil of vitriol, and shake gently till

it makes a mass of the consistence of thick mud

;

cork up the flask and apply a gentle heat. Fluo-

ride of silicon will be given ofi", and will pass

through the delivery tube and bubble up through

the mercury into the water, where it will be de-

composed, each bubble of fluoride of silicon forming

a bubble of white silicic hydrate. The reason why
the flask should be covered with powdered glass is,

that this may be attacked by the hydrofluoric acid

before the flask itself. After a while the flask would
be destroyed ; therefore the experiment should not be

continued too long. The mercury in the small cup
is used to keep the water from the end of the

delivery tube, for if this were not done, the tube

would soon be choked xip with silica, there

would then be no escape for the gas, and the flask

would burst. It is always well to have but a small

depth of water over the mercury, so that under no

circumstances could it be drawn back into the flask,

for if water get into a flask containing hot oil of

vitriol, a very serious explosion would take place.

After the exj^eriment is completed, the liquid in

the beaker should be filtered from the silica and
put into a stojjpered bottle. It consists of a solution

of hydrofluo silicic acid. It was necessary to fol-

low the course adopted in this paper, and not to

mention the element silicon until we had led up to

the ^preparation of the substance from which it is

obtained. If to hydrofluo silicic acid in a test tube

a solution of a potasli salt, say the nitrate, be

added, a very strange-looking eflect will be pro-

duced. There will be no apparent precipitate

formed at first
;
but, on holding the test tube to the

light, the liquid will appear opalescent. After a

time, an almost transpai-ent jirecipitate will be

thrown down. Filter this off" from the liquid, dry

it, and it will be found to be a very fine and very

beautifully white powder. This powder is fluo-

silicate of potash. If it be mixed with the metal

sodium, cut into small pieces, and be put into a

crucible well luted and heated to high temperature

for about an hour, the result will be the setting

free of the element silicon in the form of a dull

brown powder, perfectly insoluble in water and in all

acids except hydrofluoric. As this powder has no

crystalline form, it is called amorphous silicon. It

burns brilliantly in air, but more so in oxygen gas,

and the result is a pure white powder, which is

silica. But if some zinc be put into the crucible

along with the mixture already described, and if it

be heated to a temperature sufiicient to melt the

zinc, but not to volatilise it, for about one hour,

crystallised silicon will be obtained. When the

contents of the crucible are cold, they should be

taken out and put into hydrochloric acid, which

will dissolve the zinc, and the silicon which will be

left in dark, iron-grey crystals. These crystals are

extremely hard and very brilliant. Crystallised

silicon will not burn in air or oxygen, except at an

intensely high temperature. In both cases, the

decomposition which takes place is the same, and is

very simple. The sodium takes all the fluorine

which does not remain united with the potassium,

and so the silicon is set free. To obtain the crystal-

line variety, zinc is used that the silicon may crystal-

lise in it when in the melted state. There is still

another form of silicon. It is called gi-aphitoid,

and is formed by heating strongly amorphous silicon

in a platinum crucible. It would not be advisable

for any one who IS not expert at chemical manipu-

lation to try to obtain silicon in any of its forms.
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THE OPTICS OF A LIGHTHOUSE.
By H. Tkueman Wood, B.A.,

Secretary to the Society of Arts.

EVERYBODY is familiar witli the general

aspect of a lighthouse, and knows something

of its construction and use, but probably very

few who have not paid special attention to the

subject know what a beautiful optical instrument

a lighthouse lantern is. There are, indeed, not

many better examples of the application of scien-

tific research to practical purposes, and, as is not

seldom the case, Science has herself been assisted

in her progi-ess by this practical application, for

the inquiries directed simply after utility have ad-

vanced our knowledge of optics, and—^though this

is a portion of the subject not now to be dealt with

•—of acoustics also.

The lighthouse, in its perfect form, is essen-

tially a modern invention. Fiery beacons of one

sort or another there have been since commerce

first began, but the modern lighthouse is of our

own days. It is not so long ago since the last

coal-fire beacon was abolished. In 1861 the

" chauffer," at the entrance to the Firth of Forth,

was lighted for the last time, after it had served

for 180 years, and it was the last of its race in this

island. These "chauffers," or braziers for burning

wood or coal, were for long considered all that was

wanted to warn the mariner from a dangerous

coast, or guide him to a friendly harbour. Such a

beacon blazed on the great Tour de Cordouan, the

oldest of existing lighthouses, as it had blazed

centuries befoi-e on the Alexandrian Pharos. It

was hailed as a great improvement when in Win-
stanley's first Eddystone (1696) a number of tallow

candles were substituted, and from that day to this

the improvement has gone on. The history of this

progress, however, we cannot now stop to trace,

interesting as such a task would be. All that can

be done in the few pages available for the treatment

of the subject is to try and give some account of our

present system—a system which owes its perfection

to the labours of some of our ablest engineers and

our greatest men of science.

Let us consider first what is the problem which

the lighthouse engineer has to solve. He must

obtain the most powerful light which science can

afford him. He must avail himself of every fraction

of that light, not wasting any on sky or land, but

sending all out to sea, and to that part of the sea

where the light is wanted. He must send it far over

the water, to the utmost horizon which the lofty

tower or cliff aSbrds him, so that as soon as the

sailor reaches that point where first the convexity

of the earth's surface renders it possible, he must

see the warning light. Lastly, after all these con-

ditions have been satisfied, he must give each light

a character of its own, or, at least, a character

differing from that of any light sufficiently near for

the two to be confounded.

When we consider how many and how various

are the conditions to be fulfilled, it becomes obvious

that our engineer's task is by no means complete

when he has built a lofty tower on some storm-

washed rock, or has set up a strong house on some

almost inaccessible crag, hard as his task is often

found in either case. With this earlier portion of

his labours we have nothing now to do. Those

who would learn how such difficulties are met and

conquered may read the story—in each case by the

engineer himself—of how Smeaton built the Eddy-

stone and Stevenson the Bell Rock Lighthouse ;

while if they would know how modern engineering

science has lessened those difficulties, they may
study Mr. Douglass's account of the erection of the

fine lighthouse on the little Basses Rock off the

Ceylon coast.*

We will consider the apparatus employed to deal

with the light before saying anything about the

means by which the light is obtained, such an

arrangement of the subject being, if less logical, cer-

tainly more convenient. It must be remembered

that the apparatus will be the same, whatever be

the source of light employed. All lighthouse lights,

whatever be their power or intensity, may be

arranged under one of two gi'eat classes—fixed or

steady lights, and flashing or intermittent lights.

The object of this last-named arrangement is ob-

viously to fulfil the last of the requirements above

stated, the bestowal of a special character upon the

light. No other device has been found so effectual as

this. The first suggestion that would naturally occur

would be to give the lights different colours ; but the

use of coloured lights is liable to the very serious

objection that a large amount of illuminating power

is thereby destroyed. If we allow light to pass

* " Journal of the Society of Arts," Nov. 3, 1876,



THE OPTICS OF A LIGHTHOUSE. 353

through a piece of red glass, we find that the light

is, as we say, coloured red ; but what does this

mean 1 It means simply that of the infinite variety

of coloured rays which fall upon the glass—the

infinite variety which by their combination make up

white light—only those which are nearly or quite

red are allowed to pass. The rest are, for all pur-

poses of illumination, practically lost. The glass

might be of such a character as to allow only pure

red to pass through it, but as a matter of fact

ordinary " ruby " glass permits the passage of all

the red, most of the yellow, and sometimes even of

a minute portion of the green. Not only then is

the ray coloured, but it is robbed of half its bril-

liancy. Suppose blue or green glass be used in the

same way. We then get only the blue and the

green rays, with such portions of the other coloured

rays as the glass may be transparent to. But with

them we have a further drawback. It is a common
observation that nearly all artificial lighthas a yellow

tinge. Translated into scientific language, this

means that it is deficient in blue rays, in the more

refrangible rays towards the violet end of the

spectrum. It is therefore deficient in the very

rays which alone can pass freely through blue and

green glass, which is equivalent to saying that a

powerful light on one side of glass of this colour

will be a very weak one on the other. Nor have

we yet done with the objections to blue and green.

They are said to possess less penetrative power in

fog (which is naturally yellowish in tint), so that

they are visible at a much shorter distance. In

consequence of all these drawbacks the use of

colours, except for harbour lights, even of red, is

looked on with small favour in this country. In

France, red is used more freely, and when a light

is caused to flash in turn red and white, most

ingenious arrangements are

employed to make the red

light and the white of

equivalent intensity. Were
this not done, at a certain

distance the red might be

invisible, and the white alone

would then be seen, the distinctive character of

the lighthouse being—for that distance—entirely

changed.

If, therefore, we are not allowed to employ colour

for sake of distinction, we are reduced to the two
varieties of a fixed and a variable light. Tliere

can, of course, be only one sort of fixed light, but

of intermittent lights there are many kinds. These,

it may be well to say here, are also called " re-

189

volving " liglits, since the occultation is now nearly

always produced by the revolution of the system

of lenses and prisms which suri'ounds the lamp, and

not, except in a few exceptional cases, by means of

screens, or by raising and lowering the brilliancy

of the light itself.

But there are certain general principles which

must be disposed of before considering the special

characteristics of diflferent forms of apparatus.

Chief of all it is the great object of the engineer

to collect the rays which radiate in all directions

from the lamp, and to direct them upon the sea.

Any source of light may be considered as the

centre of a sphere formed by its rays. At the

centre of the sphere there is brilliant illumination.

This illumination decreases very rapidly as we
leave the centre and pass towards the circumference.

If a candle be set in the middle of a large room, a

person sitting close by it can see to read ; a few

yards away the light is very greatly diminished,

while at the end of the room there may be only a

mere glimmer of light. The precise law which

governs this diminution has been fully explained in

a previous volume.* It will be sufficient for our

l^resent purpose to remember that light diminishes

as the square of the distance. If we have a cer-

tain amount of light a mile from a lantern, at two

miles we shall have a quarter of the light, at three

miles a ninth, at four a sixteenth, at ten a hun-

dredth. If, however, we can send all the light

from the oiiginal source into one-half of the

sphere, we shall at once double the light seen at

any point ; and if we can concentrate it all into a

yet smaller portion of the spliere, the illumination

will be proportionately increased according to the

smallness of the portion which then receives light

previously distributed over so much larger an area.

1.—Diagram showing portion of Sea Surface illuminated by Lighthouse Eays.

Now, broad as is the expanse of sea over which the

warning beam has to be thrown, it really occupies

but a small part of the imaginary sphere of liglit

which we consider to be formed from the lighthouse

as a centre. For simplicity's sake let us take a

vertical section of our sphere, and treat the light-

house as the centre of a great circle only. Then

* "The Law of Inverse Squares :" " Science for All," Vol.

III., p. 268, Fig. 7.
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we may say that the surface of the sea, from the

foot of the lighthouse to the horizon, subtends only

a small angle at the lighthouse lantern. This may

be made clearer by a simple diagram (in which, by the

way, no sort of attempt has beenmade to preservedue

proportion between the height of the tower and the

Fig. 2.—rii-st Furn oi Keflector used for
Lighthouse Purijoses (Front view).

Fig. 3.—The same, side view, showing form of
Lamp used in connection with the Reflector. r

distance of the horizon). In Fig. 1 , L isthe lighthouse

lantern, H the horizon, and A the nearest point to

the foot of the tower which it is necessary to light.

Then all rays not included in the angle A L H are

absolutely wasted, and

it is evident that these

rays form but a small

portion of all those

radiated from the lamp.

Mr. Chance, in an ad-

mirable paper read a

few years ago before

the Institution of Civil

Engineers,* stated that

the horizon of a light-

house 300 feet high (a

little higher than the

light on Beachy Head)

would be 20 nautical

miles (23 statute miles) distant ; in other words, the

lighthouse would be visible 20 such miles off, and
that a distance of 15 miles (nautical), measured

from the horizon towards the lighthouse, would

* "Proceedings, Inst. C.E.," Vol. XXVI. (1866-7). Those
who wish for further information on the whole subject cannot
do better than consult this paper, and two others—Hender-
son on "Lighthouse Apparatus," Vol. XXVIII. (1868-9), and
Douglass on "The Electric Light api)lied to Lighthouse Illumina-

tion," Vol. LVII. (1878-9, part iii.). If they do not care to go
back to original authorities, they wiU find much of the same
information condensed in the excellent article on "Lighthouses

"

in "Spon's Cyclopaedia."

Fig. 4.—Capt. Huddart's Parabolic
Reflector.

subtend an angle of only 17 minutes. Now, there

are 60 minutes in a degree, and 360 degrees in a

circle, and it does not want any great arithmetical

talent to see from this how small is the portion of

the circle into which all the light has to be throwiL

Now, how is all the light to be thus conceii-

trated? The earliest and sim-

plest plan was to put a reflector

behind the lamp. The first

reflector used was made of bits

of looking-glass, fixed by means

of putty in the interior of a

wooden bowl. This was the in-

vention of William Hutchinson,

of Liverpool, and it was set up

in that town in 1763. Fig. 2

shows the consti'uction of the

reflector, and Fig. 3 the rude

lamp used with it. The little

can at the back allowed oil to

into a reservoir', so as

to keep it up to the

proper level as fast as it was consumed in the

flame,t

Such reflectors as these were soon improved upon,

and eventually the form of parabolic reflector

shown in Fig. 4 was adopted. This arrangement

originated with Capt. Huddart, an Elder Brother

of the Trinity House. It is still used to some

extent, and modifications of it are employed very

largely. A parabolic mirror, it is perhaps un-

necessary to remind the reader, reflects rays from

a lamp placed at its focus in a parallel beam.

The employment of such reflectors was a step in

advance, but it is not the most important which

has been made. It is not by mere reflection from

the surface of a mirror that the intense brilliancy

of our great beacons is produced. A glance at the

last diagram will show that a great number of rays

are still free to stiike from the lamp towards the

sky and the ground, neither passing direct into the

required path, nor being reflected into it by the

mirror. Besides, no mirror, howevei- perfect, re-

flects all the light which falls upon it. A certain

proportion is absorbed, and therefore lost.

It does not require much knowledge of optics to

perceive at once that a convex lens, placed in front

of the lamp, would collect the diverging rays and

f The reader will find a very clear account of the rise and

present state of the science of lighthouse illumination in the

introduction to Findlay's "Lighthouses of the "World." This

is based on a paper read before the Society of Arts, in 1857, by

the late Mr. Findlay.



THE OPTICS OF A LIGHTHOUSE. 355

send them out in a parallel beam. The ordinaiy

blu-ning-glass collects the parallel rays falling on it

to a focus on the other side. Reverse this action,

place the light at the focus, and the rays falling on

1

Fig. 5.—Showing Action of Light falling on a Convex Lens.

the lens are parallelised on their emergence, as

shown in Fig. 5,

The same result is obtained by the use of a

plano-convex lens, which is indeed only a double

\

Fig. 6.—Shomng Action of Light falling on a Plano-convex Lens,

convex lens with one side having an " infinite radius"

(Fig. 6).

But no sooner is this suggestion made than the

objection occurs—" Unfortunately it would be

impossible to make so big a lens as would be

wanted, or to mount and use it if it were

made." Quite so ; but why should we have

a solid big lens? The only really working

part of the lens is, so to say, its skin. It is

in passing from the air to the glass, from the

glass to the air, that the ray is bent, and the

only iiseful purpose of the solid central portion

of the lens is to support its outer surfaces at

the proper angle to one another. It might be

thought that a shell of glass would be sufficient,

but a little consideration will show that this

is not so. The ray would be properly bent

as it entered the shell, but it would be

bent back again in passing from the glass

to the air within the shell, and so no useful

effect would be pi'oduced. The problem to be

solved is, to bring the outer surfaces near to one

another withoiit altering the angle which they

make with a ray crossing them. This seems diffi-

cult, but it is really very simple when once dis-

covered. Imagine an ordinary plano-convex lens

to be cut away in the fashion shown

in Fig. 7. The sides make the same

angle with rays passing through,

and the effect is the same as before.

Let the same principle be carried

further, and we get Fig. 8, or by a

more convenient arrangement. Fig. 9.

In either of these it will be seen that

a ray falling from the focus upon

the lens meets with precisely the

same angles as it enters and leaves Fig. a
. Piano-con-

the glass as if it had fallen on the surface Lens
o partly cut.

of the solid lens shown in Fig. 6.

In practice, the lens is not cut out of the solid,

but it is built up of suitable prisms. This building

up, it may be noted, enables each part of

the "polyzonal lens " to be separately ad-

justed, so that " spherical aberration " is

avoided. Buffbn, the great French natur-

alist, is believed to have been the inventer

of this form of lens, his object being, by

reducing the thickness of the material, to

lessen the absorption of light. His lens was

intended for a burning-glass. Fresnel,

however, first applied the polyzonal lens to

lighthouse purposes, and he therefore is

rightly considered the father of the modern
" dioptric " system.*

But even with a lens in front of our lamp and a

reflector behind, we should not have mastered all

Fig. 8.—A Plano-convex Lens cut away
more than in Fig. 7.

Fig. 9.—Arrangement of Plano-
convex Lens.

the rays. There will yet be some which pass out

in the space between the lips of the reflector and

* Dioptric acting by refraction
;
opposed to catoptric, actingby

reflection. Ca tadioptric, actingby refraction and alsoby reflection.
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the rim of the lens. To render these available,

another optical principle has to be called into play

—that of total reflection from the internal surface

of a jjrism.

This phenomenon of total reflection is worth a

little consideration. When a ray of light passes

obliquely into a prism, its course is bent, it is

refracted ; as it passes out of the prism through one

of its other sides into the air it is refracted again.

But suj^pose the angle at which the ray meets this

second side to be so oblique that if it passed out

without refraction it would just clear the side
;

what then is the eflect of refraction? Why, the

ray does not get out at all. It is reflected off from

the inner surface of the glass, as if the layer of air

next that surface had been a layer of quicksilver

;

and not only so, but the whole ray is reflected, none

being absorbed, as is the case with the most perfect

mirror. This important fact can be readily verified

by any person without a prism or any special

apparatus, since the same eflect is produced when
light passes up from below throxigh the surface of

still water. A visitor to any of our large aquariums

looks through the window at the side up against

the surface of the water. He will see the rocks at

the back perfectly mirrored on the surface—so per-

fectly that he will not be able to tell where reflec-

tion begins and the object reflected ends. If a fish

be swimming near the surface, he will see reflected

above it a second fish, apparently back downwards.

The reason for this is that light is reflected from

the rocks or the fish against the surface, and is

again reflected from it to the observer. Or, place

a shilling in an ordinary tumbler half full of water,

hold it so that a good light falls upon the shilling,

and incline the glass towards yourself, keeping it

a little above the level of your eyes so that you can

look up from below at the surface of the water

;

you will see a reflection of the shilling, as bright as

if you were looking at the shilling itself. The rays

of light, instead of being reflected directly from the

shilling into your eye, strike the water surface, and
are reflected therefrom, without loss, into the eye.

This power of total reflection is, it will be seen

at once, a most valuable one for lighthouse purposes.

If a prism, such as is shown in Fig. 10, be inter-

posed in the path of a ray striking obliquely upwai'ds

from the lamp at F, the ray will pass through the

side c D, say at /, it will be slightly refracted,

and will strike the side A D at an oblique angle

at y, so that it will meet the third side A c

at /", and will there again be refracted as it

passes out into the air. The side a d is formed

v.

as a portion of a parabola, so that all the rays are

parallelised and reflected in a direction at right

angles to the vertical line ah. A series of such

prisms is set above the lens, and a similar series

below, in the a
manner shown , ,/-•

by the sectional
"

view (Fig. 11),

and by the front

view (Fig. 12).

By this means, all the
j

rays falling from the lamp &

upon the panel are collected,

and sent in one parallel beam over

the sea. It will be observed that the

panel takes every ray from the lamp

(except those that fall on the lamp-

stand, or which strike the cliimney

1%
Fig. - Dia-
grajnillustrat-

above) that comes within its breadth. of^Eoflectlon.^

When, indeed, we speak of a parallel

beam, it must be understood that it is only ap-

proximately parallel. For it to be absolutely so,

it would be necessary that all the illuminating rays

should proceed from a mathematical point. As a

fact, they gene-

rally proceed

from a large

flame, and, con-

sequently, rays

proceeding from

the outer edges

or from the top

or the bottom of

the flame, strike

the refracting

apparatus at a

different angle

to that formed

by rays which

start from the

central point.

The result of

this is a very

considerable di-

vergence, and

practically the

beam of light

from a panel, such as that shown in Fig. 12, is a

long, narj-ow cone, rather than a parallel band.

This, far from being a drawback, is an advantage

which would have to be sought for by special

arrangements did it not arise naturally.

There is also a further application of the same

Fig. 11.- -Sectioual View of Prisms arranged
above and below the Lens.
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principle of total reflection from the internal surface

of a prism, in the reflector which is now used under

I many circumstances in place

of the original metallic

mirror. Tliis reflector is

shown in Fig. 13. At D a

number of prisms are set so

as to surround the flame,

and each prism is arranged

to reflect back into the flame

the rays which fall upon it.

The ray thus reflected j^asses

through the flame, and acts

precisely as though it origi-

nated from it
;
going on to

the system of lenses beyond,

it adds its quota to the

brightness of the issuing

beam. The ^^recise way in

which the reflection takes

place will be seen by an in-

spection of Fig. 14, in which

rig.i2.-rrontviewofPaneia ^^7^ starting from the

showing Prisms airangedij^jnp, enters the prism
above and below the leas. ^' '

reflected at d and

enters the prism at

C, is

E, and leaves the prism at

the direction of the path.

It will have been noticed that in Fig. 11 there is

The arrows show

Fig. 13.—Prism Eeflector.

something more shown than a section of the prisms

and lens. Outside the whole arrangement is a

vertical rod

--^-^ with a sliding

piece upon it.

Behind the
Fig. 14.—Explaining the Mode of Eeflectiou in l„,„rA I'o fimivorl

Prism Eeflector. lamp IS ngureU

an eye. This

shows tlie method adopted for adjustment.

The origin of this device is interestino;, as

showing the advantage which sometimes arises

from the attention of an ingenious man being

directed to a subject with which he is more

or less unfamiliar. Many of our greatest

inventions have been made by men who were

ignorant of the routine of the trade or science with

which their invention dealt—have, indeed, been

made because of their ignorance. From 1858 to

1861 a Royal Commission was examining into the

condition of our lightliouses. Mr. Campbell, the

secretary of the Commission, was a photographer.

When some question of adjusting the prisms was
under discussion, it occurred to Mr. Camjibell—-who

was accustomed to look at the images of objects

formed by lenses—that by placing the eye in the

position usually occupied by the lamp, and looking

at the image of a distant object formed by each

prism, the path followed by rays of light in travelling

from the distant object through the prism to the

lamp could be observed. This would be the same

as the path followed by a ray fi'om the lamp falling

on the distant object. By adjusting the prism this

ray could therefore be directed on any distant

object. Owing to the small angle which, as pre-

viously stated, the sea surface subtends at the

lantern, it is found that if the light can all be

directed upon the horizon, sufficient light is actually

thrown on all the intervening space of sea. Conse-

quently, by adjusting the prisms so that they all

reflect the image of the horizon to the focus of the

lamp, the greatest efiiciency of the whole apparatus

will be secured. But this was not all. While the

prisms were being thus adjusted at the Whitby
lighthouse, it luckily happened that a fog came on

and obscured the horizon. It was necessary either

to interrupt the work or to provide a substitute for

the horizon. Such a substitute was found in a

stafl' like that represented in our figure. The spot

where the horizontal line from the centre of the

lens would cut the staff" was ascertained, the staff

was graduated by calculation, and the prisms were

adjusted accordingly. When the horizon agaiir

became clear, it was found that the staff" had done

its work accurately, and that the pi'isms set by its

aid were all in their proper positions. After this

it was evident that the adjustment could be effected

at the factory, and this is now done. Each prism

is accurately formed for its own place, according to

careful calculations, but it is adjusted by actual

experiment, so as to give the best results. This is

a work of gxeat nicety, and has to be performed

with exceeding care. The best position once found,

the prism is fixed in the frame in that position.
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Up to the present we have been dealing with a

vertical section through the lamp, looking at it

from a point on a level with it. Let us take a hori-

zontal section, also through the centre of the lamp,

so that we may consider ourselves as looking

directly down upon it from above. The lantern,

we will say, is eight-sided, and is one in which no

reflector is employed, so that from each of the sides

there pours forth a great band of light, in a direc-

tion at right angles to that side, and of a breadth

equal to the side. It is not worth while to make a

diagram to show that these bands do not cover the

whole surface of the sea. They must leave between

them great angular spaces of darkness. The bands

radiate from a centre, and as they stretch away

from that centre the spaces between them grow

larger and larger. A ship sailing by the light-

house would cross the bands of light ; she would for

a while be in a bright space, and then for a while in

a dark space. To those on board the effect would

be that they Avould see the lighthouse at times and

lose sight of it at other times. The ship, obviously,

too, might sail up one of these bands of darkness

towards the lighthouse, and might never see the

light at all. This would certainly be a fatal objec-

tion. But if the whole system be caused to re-

volve about the centre where the lamp stands, the

broad bands of light will sweep over the sea, and

the spectator on a distant ship will be brought in

turn into the bright beam, and into a dark space.

To him the result will be that he sees a light for a

brief space, loses sight of it, then sees it again, and

so on. In fact, the light will be to him occulting

or flashing.

Fig. 15 shows the arrangement adopted for the

purpose. The whole system of eight panels is

mounted so that it is capable of revolving round

and round the lamp in the centre, which is fixed.

The revolution is effected by clockwork, driven

generally by a weight. Sometimes the gearing goes

wrong, and then the lighthouse-keeper has to work

the apparatus round by hand, turning it by means of

a winch, hour after hour, the whole night through.

Such an apparatus as the one figured above is

termed a " holophote," because it uses all the light of

the lamp, this word being derived from the Greek,

and having such a signification. Supposing the

occultation were produced by screens, passing in

front of the light, such a term would be inapplic-

able, because a large portion of light would be

poured on the back of the screen, and lost. If the

screen revolved entirely round the light, it would

always have a certain amount of the light thrown

1

ujjon it, and thus a portion of the light would
always be doing no work. In aholophotal revolving

apparatus all the light is always being employed,

and inasmuch as the light taken from the dark spaces

is added to the bright spaces, these latter have an

increased brilliancy. A revolving light therefore

is brighter than a fixed light of the same " order,"

because the same quantity of light is distributed

over a smaller area.

There is a certain peculiarity about revolving

lights which is worth men- ^^^AA.

tion, esi^ecially as it dis-

tinguishes them from those

not very frequent cases in

which screens are em-

ployed. The light in them

is never eclipsed quite

suddenly. It wanes away

and waxes again. This is

due to the divergence of

the rays from their theo-

retical path, the path they

would follow if the re-

fracting apparatus were

absolutely true, and the

source of illumination an

actual point.

But it is possible to do

more than give flashes of

light separated by similar

intervals of dai-kness. The

lenses may, without difii- ^'§;,eiVgtfSTng Ligit"""

culty, be made to give

two, three, or even four flaslies in rapid succession,

followed by a longer interval of darkness. This

beautiful device produces what are called "group-

flashing " lights, lights in which "groups" of

flashes alternate with dark intervals. The precise

way in which this is effected must, with many
other interesting details, be omitted for want of

space, but it may serve to give some notion of the

method adopted, if it be said that the panel which

would give one long flash is replaced by two or

more smaller panels, set at an angle to each other,

their inclination being so slight as only to give a

very brief separation between their respective

flashes.

The group-flashing system gives a veiy charac-

teristic light, and one not to be confounded either

with a fixed light or with one which flashes at

equidistant intervals of time. It also permits of

great vai-iety. It is further said to fulfil all

nautical requirements. It is simple and intelligible.
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The flashes are so close together that the sailor

can " take a bearing " as readily from a group as

from a single long flash. The signal is rapidly

made and completed, and the sailor has not to

•wait for it to be repeated before he can be quite

certain. If he catches the light and begins to count

in the middle of a group, he may have to wait for

the group to recur before he can be quite sure that

he recognises it ; but this is the longest delay he

can be put to. Various proposals for more elaborate

codes or systems have been put forward, but it is

objected to all of them that they are too complicated

or too slow. It was long ago proposed by Mr. Bab-

bage that each lighthouse should have a number of

its own, and should flash in proper order the units

of that number. Thus, lighthouse No. 75 would

give seven flashes, and then, after an interval, five

more. Sir William Thomson has more recently

suggested the simpler method of using the Morse

telegraphic code, dots and dashes ; short flashes and

long ones. There is something very taking in the

notion that every lighthouse should stand up over

the sea, and proclaim in unmistakable language, " I

am the Eddystone ;

" "I am the Start;" "I am
the Lizard ; " and so on. As it was ably put by

Mr. Preece, the well-known Post-Ofiice electri-

cian, at a meeting of the Society of Arts, eveiy

telegraph-office in the kingdom has its own short

signal, why not every lighthouse'? If the Edin-

burgh station has to be called to attention, the

clerk at any other station simply " calls " along the

line, "E H," "E H," "E H," two dots and a

dash (
- - —

), and every other clerk who hears

him knows that it is Edinburgh which is wanted.

The Eddystone would in like manner call E E,

E E, E E, or two dots (
- -

), which in light-

house language would be a pair of quick flashes.

Every sailor who knew the code would at once

perceive that the light giving two quick flashes was

the Eddystone and nothing else; not the Start,

which would give, say, three shorts and a

long ( - - - —
), for S T ; or the Lizard,

which would perhaps be denoted by a single

letter L ( ), as the addition of ( — - -
)>

to make L D, would involve too complicated a

signal.

But, then, would every sailor know the codel

and, knowing it, could he read it under the condi-

tions in which it has to be read 1 Could he tell

longs from shorts, and count flashes, when it is all

he can do to see the light at all 1 Could the rough

.seamen who navigate, not the Queen's ship or the

Cunard liner, but the collier or the coaster, read

the signals'? The Elder Brethren of the Trinity

House assert that they could not, and will have

none of Sir William Thomson and his scheme. They

declare that they dare not venture on anything

more complicated than the groxip-flashing lights,

and so the matter rests. That this is not a mere

reluctance to try fresh inventions we may feel sure,

from the character for progress which the Trinity

House has won.

Perhaps, however,

they may some day

be induced to give

the Morse code a

trial, and then prac-

tice may decid'!

where theory seems

to be pretty equally

balanced.

But if the ar-

rangement previ-

ously described is

not suited for a j
flxed light, how is

the principle to be

applied in that case'?

What we want to

do is to parallelise

the rays horizontally

only ; to send out a

horizontal band of

light that shall cover

the sea in all direc-

tions between the

lighthouse and the

fact, a disc of light,

Fig. 16.- -Prout View and Section of a
Fixed Light.

horizon. We want, in

or a large portion of a

disc, not a series of separated bands radiating

from the central point. Now, supposing we
have a light, the section of which is the same

as the section shown in Fig. 11, but having

such a section, not only through the axial line

of the panel, but at every part of the panel. It

is evident that this will produce the required result.

Let us imagine that Fig. 11 is revolved round a

central line passing vertically through the centre of

the lamp. We shall then have a light made up of

panels of the shape shown in Fig. 16, which repre-

sents both the section and the front view of a panel

produced as above described. In this the central

line becomes a portion of the cylinder, and the

curved prisms above and below are replaced by

straight prisms of the same shape. All the com-

ponent parts of the panel are in fact arranged

symmetrically with reference to a straight line,
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instead of being so arranged with reference to a

point in the centre of the lens.

Such are the two great classes of lights—fixed

and revolving. It is easy to see that many combi-

nations other than those already described are

possible. One of the simplest of these is shown in

Fig. 17, in which the panels of the shape used in

revolving lights alternate with panels of the shape

used in fixed lights. The result of this arrange-

ment would be flashes of considerable brilliancy,

with very short intervals of

darkness before and after

each flash, and during the

remainder of the time a

steady light of considerably

less brilliance than that of

the flash. Devices of this

sort are much more in favour

with the French adminis-

tration than with our own
Trinity House, and the

French have adopted moi'e

elaborate arrangements than

have yet been ventured

upon in this country. As
before mentioned, they also

are fonder of colour than

ourselves, and by thus ring-

ing the changes upon the

fixed and steady lights,

white and red, they have

a much larger range for

variety. It is needless

to observe that all this

variety is obtained by means of a greater com-

plication.

Now, although the principal systems of light have

thus been dealt with generally, it must be understood

that every light has its own sj^ecial duties to fulfil,

and must be adapted accordingly. One may be

required to throw its light on every side ; another

may have half its horizon on sea and half onshore
;

a third may have to light up a narrow channel ; a

fourth may have to light a portion of the sea and a

narrow channel on either side, in which case, proba-

bly, much greater brightness will be required for the

channels than for the sea. In each case the simple

arrangements selected as typical for description

have to be modified by altering the shape of the

refractors or by the application of reflectors.

In many cases a second light can be usefully

applied to mark the proper course of a vessel, or to

indicate a rock or other obstacle. Instead of a

rig. 17.—Light witli Combina-
tion of Panels used in Fixed
and EevolTing Lights.

second lamp, some of the light of the main beacon

can be utilised for this purpose. The reflector

behind the lamp is then caused to direct the rays

downwards, or in any direction required, upon a

second reflector, which sends them out to sea. In
some cases this second reflector is placed on the

rock itself, and the apparent efl'ect is produced

of a light so situated ; more generally, however,

the second reflector is placed in the lighthouse

itself, in the chamber below the lantern. Such

an auxiliary light may well be coloured red, as

it is not required to be visible at very great dis-

tances. A good example of this may be seen in

the lighthouse at Bull Point, near the mouth of the

Bristol Channel, and a few mUes from Ilfracombe.

The main light gives three quick flashes, followed

by eighteen seconds' darkness, every half-minute.

Below this is a small red light, which serves to

mark the position of the Morte Stone, a dangerous

rock some little distance out from the shore. This

light is produced by a prismatic reflector at the

back of the lamp, which sends all light falling on

it vertically downwards through an opening in the

floor of the chamber. The rays then fall on a

second similar reflector, which throws them horizon-

tally outwards through a red window. Nothing

can be simpler than this arrangement, or more

effective.

To meet the requirements of different localities,

so far as the power of the light goes, there are six

" orders " of lights. The apparatus for the first or

largest of these is about nine feet high and six feet

across. They decrease in size gradually to the sixth

order, which is a small harbour light.*

Having thus discussed—briefly and cursorily

indeed, but as fully as our limits permit—the

methods employed for dealing with the available

light, we must now consider the second important

point—the sources from which the most powerful

light may be derived. Nor have the advances of

science been less helpful to lighthouse engineers in

this department of their work than in that with

which we have hitherto been occupied.

How successfully the whole subject has been

treated is shown in a striking manner by some

calculations made by Mr. Douglass, the engineer of

the Trinity House. His experiments gave as the

equivalent of the light of the first Eddystone

* Henderson: "Proceedings of the Institution of Civil

Engineers " (Vol. XXVIII. ). It may be worth stating that the

cost of a lighthouse apparatus and lantern of the first order

varies from about £3,000 to about £4,500, according to the tariff

of the principal makers in this country.
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(1696), 24 standard candles or modern light units.

Tlie use of oil lamps and reflectors gave in 1810

the equivalent of 1,125 units ; the employment of

dioptric apparatus in 1845, 3,216 units, and the

substitution of an improved lamp in 1872, 7,325

units. This light, 109 times the original light, is

produced at a third the original cost as regai'ds

materials; nor is this anything like the most

powerful of the English lights. The oil lamp of

the South Stack gives a light of 169,360 candles,

while the electric light at the Lizard is equal to

330,000. At this last-named station the mean

intensity of the luminary alone, without the optical

apparatus, is 8,751 candles.

There are in j^ractice only three sources from

which this enormous amount of light can be ob-

tained—oil, gas, and electricity. At present, the

first is the one most used. An oil lamp is easily

managed ; its fuel is stored in small space, and is

readily available. Gas can only be employed where

a supply exists, or can readily be made. Electricity

requires machinery and skilled labour ; it is, how-

ever, now passing beyond the experimental stage,

and there seems little doubt, that where surrounding

circumstances admit of its application, and where a

specially powerful light is required, electricity will

in future be called on to supply the want. Tliere

are now four stations on the English coasts lighted

by electricity. Gas is used very largely for harbour

lights, and thei-e are some of the first-class lights in

Ireland and Scotland where it is employed. All

the remaining lights are oil lamps burning either

vegetable or mineral oil. Many other sources of

light have been experimented with in this and

•other countries, but they have all, from one cause

or another, been found unsuited for lighthouse

work. The most promising was the oxy-hydrogen, or

lime-light. This, however, could not be made to

^ve a perfectly steady light, and there was also the

serious drawback that, even where coal-gas was
available, it was necessary to store oxygen gas

;

while, where coal-gas could not be procured, it

would be necessary to store hydrogen as well.

The oil lamp is formed with a series of concentric

circular wicks, the number of which varies with the

character of light required. In what was a few

years ago termed the first order Trinity lamp, there

were four wicks, the outermost of these being four-

and-a-half inches in diameter. This has now been

increased by the addition of two more rings, bringing

the whole up to a size of five inches across. These

outer two are used only in foggy weather. Thus is

produced an immense mass of flame, giving a very

190

brilliant light. It is argued by some that light

proceeding from a large surface has greater penetra-

tive power— can be seen fai-ther through fog—thau

light radiated from a point. This opinion, however,

seems more than questionable ; it was put for-

ward to account for the stated superiority in pene-

tration of gaslight, or light from oil, to the electric

light. It is now more generally thought that if this

superiority really exists it is due to the composition

of the lights themselves, not to the difference of

size in their sources. Inasmuch as the focus of the

optical apparatus is naturally a point, there are

evident difficulties in adapting the lantern to a light

from a large radiating surface, which do not exist

when, as with the electric arc, the light is radiated

from a very small surface. The best and whitest

light is given by mineral oil, and the use of this is

increasing. There are naturally varieties of con-

struction in the various lamps, but for our present

purpose there is no need to dwell upon these.

Sometimes, as in lighthouses in India, or elsewhere, it

is con%'enient to burn a local oil, such as cocoa-nut,

&c., and the lamp is adapted accordingly.

The greatest success with gas seems to have been

obtained with the burner invented by Mr. Wigham,
and used by the Irish Board. In this a gi-eat

number of gas jets—in the largest size as many
as 108—are arranged in concentric rings. The
flame from this lamp is larger than that from the

large Trinity House oil lamp, and it is of course

liable to the objection above-mentioned, in common
with all large flames. There are, however, special

advantages in the use of gas. The supply to each

ring being separate, the size of the flame can be

readily increased and diminished by cutting off or

adding a ring, though this, too, is done with the

large oil lamp. A flashing light can also be ob-

tained without a revolving apparatus, by simply

turning the gas off and on.

The Trinity House have been actually using elec-

tricity since 1858, In that year, after some experi-

ments carried on by Faraday and Holmes at Black-

wall, a magneto-electric machine—a machine, that

is, in which electricity is generated by revolving-

permanent magnets—constructed by Holmes, was

set up experimentally at the South Foreland. The

result of this trial, though it was held under un-

favourable conditions, was considered satisfactory,

and the light was permanently established four

years later, in 1862, at Dungeness. Here the light

had the advantage of an optical apparatus specially

designed for it. Holmes's machines were still used,

driven by steam-engines in the base of the tower.



362 SCIENCE FOE ALL.

After some troublesome irregularities at first, the

light burnt well and steadily for thirteen years. It

was discontinued about 1875, because it was found

that so powerful a light at a low level—the point is

low, and the accretions to the beach since the tower

was built have practically carried it inland, and

thus reduced its apparent height—was inconvenient

to ships navigating close in shore.

Encouraged by this success, lights on the same

principle were set up at Souter Point (1871), and

at the South Foreland (1872). So far the Trinity

House may be said to have availed themselves of

the best means then existing for producing the

electric light. The years, however, that have passed

since these lights were set up are just those

in which the greatest progress has been made

in the science, and the beautiful and justly-admired

machines of Holmes are now pi-actically obsolete.

When the Holmes machine was set up at the South

Foreland, the question was discussed whether the

then new " dynamo " principle should not be em-

ployed, and indeed Holmes constructed a machine

of this cliaracter, in which electricity was generated

without the use of permanent magnets. This

machine, though it worked satisfactorily, was not

taken into permanent service, the older machines

being considered safer. But though they reason-

ably enough did not adopt the improved form at the

time, the Tiinity House showed themselves to be

sensible of the i^rogress that was being made, and

under their dii-ections a series of careful experi-

ments were carried out by Dr. Tyndall and Mr.

Douglass, their scientilic adviser and engineer, to

determine which amongst existing machines was the

best adaptad for lighthouse illumination. Of the

machines tried, they selected that of Dr. Siemens,

and six of these were accordingly installed at the

Lizard, to work the two lights which are .shown

there. The absence of water prevented a steam

engine from being used to drive the machines, and

consequently tlu-ee American hot-air engines were

purchased for this purpose. These engines are

said to act satisfactorily withovit much attention,

and to have proved themselves extremely well

adapted for work under the peculiar conditions

of a lighthouse, though it remains to be proved

whether they give quite tlie regularity—the most-

important qualification—of steam. Each engine

drives two machines. Sometimes one engine with

one pair of machines is used, sometimes two, or

sometimes one engine is used to work the fog

signal and one to generate the electricity. In any

event, the third engine is kept in reserve, ready to-

start at once in case of accident. Every arrange-

ment has been made for shifting tlie current to either

lamp, and a lamp is always kept in reserve, ready to-

be moved at once into place to take up the current,

if anything goes wrong with the lamp at work.

The Trinity House have also tried a French

machine by De Meritens for some time at the

South Foreland with satisfactory results. This is-

now about to be removed to the Lizard for further

trials. The machine belongs to the class of which

Professor Tyndall spoke so highly in his well-kno-svii

lecture on electric lighting, delivered at tlie Royal

Institution.

Great as has been the progress of the electi-ic

light during the past few years, that progress has

not been, for the most part, in the direction of

increased power. The principal question upon

which electricians have been working is the sub-

division of the light, not the increasing of it. So

far as the writer of this paper is aware, the only

great novelty in electric lighting suitable for light-

house purposes may be said to be the production, by

the " Brush " Electric Company, of an enormous

light, estimated at .50,000 candles. Whether it may
be found possible (having regard to questions of

cost) to use such povvei-ful lights as these—and it

would appear as if to get the full advantage from

them the height of the lighthouse tower might often

have to be increased—is a question which can only

be solved by aid of the experience ^hat time will

alone supply.
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A PINCH OF SALT.
By "William Durham, F.R.S.E.

THERE is no substance in daily use which is of

more importance, or which will better I'epay

a little attentive consideration, than common salt.

As an article of diet, it has been long known and

appreciated. Without it, our daily food is insipid

and tasteless, and perfect health, or even life

itself, cannot long be enjoyed where it is absent.

Its preservative qualities have been rendered

famous in the symbolical language of moralists of

all ages, and it formed an essential element in.

sacrifice. Ancient philosophers and poets have

spoken or sung its praises, calling it " divine,"

"dear to the gods," and a "symbol of the soul.
'

To the present day it is, with the Arabs and the

Slavs, the emblem of hospitality, and even with

the most treacherous of the tribes the traveller is

safe if he can once partake of their salt.

As we have said, it is essential to life, and it is

also useful in promoting vegetation. Its health-

giving qualities check the progress of many
diseases, while in others—such as cholera—its

deficiency in the blood is a significant fact. It is

present in every part of the human frame—in the

bone, in the muscles, and in the blood—and is

widely spread through the whole kingdom of nature

Animate and inanimate.

It is not, however, with salt in its relations to

life and vegetation that we propose to deal in this

paper, but with some of its physical and chemical

properties from which we shall learn that, even

from this point of view, it well deserves the place

of distinction it has so long enjoyed.*

Common salt has a considerable affinity for

water, in which it freely dissolves, one hundred

parts of water dissolving about thirty-five parts

of salt. Curiously enough, cold water dissolves

almost as much as warm water. This is an excep-

tion to the general rule. The attraction between

water and salt produces some results which are

sufficiently remarkable.

The following simple experiment will illustrate

this. Take two glass jars, or two plain glass

tumblers will do, and fill them with water ; dis-

solve in one of them a few grains of common
salt, and add to both some common white china-

* The geological relations of the mineral have already been
iiiUy described in "Science for All," Vol. II., p. 279, so that
it is here unnecessary to touch on any of its asijects discussed
in that jiaper.

clay, stirring them well up, so that the clay is well

ditiused through the water, rendering it opaque.

Care must be taken not to stir the one without

the salt with the rod used to stir the one with

salt. After stirring put both aside, and note how
long the clay takes to settle in each jar, and the

water becomes clear and transparent. A most I'C-

markable difference will be noticed between the

two. The water containing the salt in solution will

be quite clear in about one or two hours, accoi'ding

to the quantity of salt dissolved, while the pure

water Avill not be clear for twenty-four, or even

thirty-six hours, if the water we use is very pui'e

and soft. We see from this tliat the attraction of

the salt for the water prevents the latter fi'om

holding the particles of clay in suspension. The

results flowuig from this action of salt on watei- are

very striking and impoi'tant. The waters of the

ocean, as we all know, hold in solution a consider-

able quantity of salt ; about three parts in a

hundred is the average ; in fact, it is lilce our

tumbler or jar of water, to which we have added a

few grains of salt, and consequently cannot retain

in suspension for any length of time finely-divided

matter—such as clay or sand. The obvious action

of the salt, therefore, is to keep the ocean clear

;

all mud or silt is rapidly precij^itated to the

bottom, and forms those vast deposits found all

over the bottom of the ocean in the dredging

operations of the Challenf/er, and other vessels.

Further, we know that the rivers of the world

carry down to the sea immense quantities of worn-

doAvn rocks and soil. During fiood we see our own
comparatively puny rivers rendered quite brown

and muddy from the amount of suspended matter

which they carry aloiig with them on their courses.

Some of the more gigantic rivers of other countries

are never clear, but are laden during the vdiole

year with large quantities of this rock and soil

waste, grinding down in the course of time the

mountains and hills of the dry land, and carrying

them into the midst of the sea. The waters of the

Mississippi, for instance, are always muddy, and if

we fill a jar from this river it will remain muddy

and opaque for days. Now let us consider what

happens Avhen the mud-laden water reaches the sea.

If we happen to live near the coast let us get a

little sea-water and mix it with fresh water, in

which we have stirred up a little clay, and note the
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result. The clay "svill be rapidly precipitated, and

the water rendered clear. Now this is exactly

what happens at tlie mouths of rivers—the mud
and silt are at once precipitated where the river

and sea waters meet. This is the reason why it is

so difficult to keep the mouths of rivers and har-

bours clear of silt. We are compelled to use our

dredging - machines continually, or they would

rapidly be rendered dangerous to navigation.

Many of us may have watched with interest the

operation of building a railway embankment. We
see the navvies lay down a plank as a stop at the

place where they wish the wagon of soil to empty

itself, and then, as it comes rushing along, strike

up with a spade the bolt which retains the end of

the wagon in its place ; and so, when the sudden

shock of its arrested progress tilts it up, the soil

is precipitated where it is wanted, and thus the

embankment is,, bit by bit, built up to the required

height. Now this process is wonderfully like what

happens at the mouth of rivers. The grains of

salt dissolved in the ocean may be regarded as a

host of little navvies waiting for the drops of

water, each coming with its little load of soil.

They put down the stop, strike up the bolt, and

cause the soil to be deposited in the depths of the

waters. Hour after hour, day and night, the process

goes on : small, indeed, is each load, but their

number is infinite. Year after year the embank-

ment rises nearer and nearer to the surface, and

farther and farther out to sea. Soon the land lifts

itself out of the waters
;
plants spread their roots

and bind the slimy mass together ; the currents of

ocean and the winds of heaven carry towards it

seeds from other lands ; bushes and trees spring up,

and animals find shelter in their shady retreats

;

man, the mighty hunter, follows, and it may be in

time, fields of coi'n wave where erewhile stormy

waters rolled, or towns and harbours and ships

tell of the busy hand of civilised man, and a new
continent is formed to take the place of those worn

down by the tear and wear of nature's ceaseless

toil. Thus we see that in the busy workshop of

nature the humble condiment of our dinner-table

plays no unimportant part.

Nor does the work of our little navvies end

here, for it appears probable that they aid in

returning the empty wagons or drops cf water to

the mountain tops, to renew their work of carrying

it into the midst of the sea. Mr. Atkin, in a

paper read before the Royal Society of Edinburgh,

endeavoured to show that unless there were solid

particles of matter floating in the atmosphere there

would be neither fog, mist, nor ram, but that the

surplus vapour would be at once deposited on all

bodies on the surface of the earth. Our umbrellas

would be useless, and our houses afibrd us no

protection, as the rain would not fall from above,

but merely appear like dew, but, unlike it, would
find its way into every corner. Now, if this be

so, and the experimental evidence brought forward

by Mr. Atkin is very strong, it is extremely

probable that particles of salt form a large pro-

portion of this rain-precipitating matter. We can

imagine this affinity for water attracting and con-

densing the particles of vapour until the drops

become too large and heavy to remain suspended

in the atmosphere, and consequently fall to the

grovmd. We know, by the aid of the spectroscope,

that salt particles are everywhere present—on the

dust we brush from our coats or sweep from our

rooms, as well as in that blown along our streets,

or that dance in a sunbeam. Nor is this to be

wondered at, as the ocean, the great storehouse of

this substance, is ever hurling its spray into the

atmosphere, or dashing its foam against the rocky

barriers of our coasts, to be blown by the winds

over the length and breadth of the land, and the

salt it contains dried and scattered.

The attraction of salt for water produces many
other phenomena of importance. Thus, for

instance, the freezing of water is brought about

by the mutual attraction of its particles, causing

them to cohere in a crystalline form when the

temperature is sufficiently lowered. Now, when
salt particles are mixed with the water, they

prevent, to some extent, this cohesion, so that the

temperature must be further lowered according to

the quantity of salt present before freezing com-

mences. The result of this is, the sea does not so

soon commence to freeze as it would do were its

waters perfectly free from any saline ingredient.

Thus in our temperate regions we are freed from

the danger and discomfort of a frozen ocean similar

to that of the Arctic regions.

Another result of this same property deserves

to be mentioned. When salt is mixed with

pounded snow or ice, the attraction of the salt

causes the snow or ice particles to break up or

melt, and the salt is dissolved. Now, when a solid

becomes liquid, it absorbs a quantity of heat, and

in the present case great cold is produced ; some-

times the mixture indicates as low a temperature

as 35° Fahr. below freezing.

It is sometimes customary in our large towns to

utilise this property of salt in melting snow ofl' the
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streets. This it does effectually, but when we

consider the cold that is thereby produced, we

see how dangerous a practice it is. "Well-to-do

people, with good thick boots, may not be seriously

harmed, but to the poor and badly shod, the chilling

effect of the mixture is fraught with no little

danger.

Having examined some of the more prominent

physical properties of salt as a whole, we shall now
proceed to consider its chemical nature or com-

position, which, we shall find, is no less intei'esting

and instructive.

When a chemist proceeds to examine any body,

one of his first questions is, whether the substance

is a simple elementary body or a compound ; can

I

it be broken up into two or

A more different kinds of matter,
-'^

' or does it always remain the

same ? A very simple experi-

ment will show that salt is not

elementary. All the apparatus

needed is a Florence flask, a

perforated cork, a piece of glass

tubing, and a glass bottle fitted

up, as in the annexed Fig. 1.

Into the flask let us put a

table-spoonful of salt and some

vitriol or sulphuric acid, and

apply a little lieat cautiously

by means of a lamp or gas

flame. We shall soon perceive

there is some chemical

going on, a.s vapour

will begin to condense in the bottle. On examining

this condensed vapour, we shall find that it

possesses acid properties, but that it is not the

same acid as we put into the salt. It is a well-

known substance called "spirits of salt," from its

mode of production. Now, puttmg aside for

further examination the residue of the salt and

vitriol, let us take the spirits of salt and put it into

a flask, and subject it, in the same apparatus, to

similar treatment as the salt ; but instead of vitriol

let us mix with it a substance called black oxide of

manganese, and heat as before. Instead of an acid

coming off we shall get a gas of a yellowish-green

colour, with a most penetrating and suffocating

odour, and very dense as compared with air.

Great care must be taken not to inliale any of this

gas, as its effects are most painful. The writer has

suffered severely for many hours from inhaling it,

and only got some relief by breathing ether.

This gas has been named chlorine from the Greek

Fig. 1. — Ejqjeriment
showing that Coinmon that
Salt is not an Element.

action

word for green, and is of much importance in

many ways. It has never yet been broken up into

anythmg else, and therefore is considered an

elementary body, although there are some reasons

for believing that it is a compound. Its properties

are somewhat remarkable.

We generally suppose that when any substance

burns it must be in an atmosphere of air or

oxygen ; but the behaviour of chlorine shows us

that this is not at all necessary, and that l)urniiig

is neithei' more nor less than chemical coml)inatiou

proceeding in a very energetic manner. If we
introduce into a jar of chlorine gas a piece of phos-

phorus, the latter takes fire spontaneously and

burns brilliantly ; or if we throw in some powdered

antimony, the combustion becomes evident by the

shower of brilliant sparks. One distinguishing

characteristic of chlorine is its intense affinity for

hydrogen gas, and its iudifierence to cai'bon and

oxygen gas. If we mix equal volumes of chlorine

and hydrogen they will not combuie in the dark,

but if exposed to sunlight, or if a lighted taper be

applied to the mixture, they will unite with violent

explosion, like the well-known mixture of hydrogen

and oxygen.

If a lighted taper be introduced into a jar of

chlorine it will burn with a very smoky fiame,

because the chlorine combines with the hydrogen

of the taper, and rejects the carbon which is

deposited as soot. A very pretty and instructive

experiment, illustrating the selection of the hydro-

gen and rejection of the carbon, may be performed

by introducing into the gas a thin piece of paper

soaked in spirits of turpentine. The turpentine

bursts into flame, and the jar becomes covered

internally with a copious deposit of carbon.

The most striking and useful property of chlorine,

however, which indeed arises in great measure

from its affinity for hydrogen, is its power of

bleaching. It destroys vegetable colours most

completely. This may be shown very readily by

the following experiment. Take a piece of coloured

cloth—say turkey-red—and draw some device or

pattern on it with ordinary paste or gum, to which

a little sulphuric acid or vitriol has been added.

The cloth must then be diied and immersed in a

hot solution of bleaching powder, which is a com-

pound of lime and chlorine. The acid of the paste

liberates the chlorine from the lime ; the chlorine

then bleaches the cloth wherever the paste has

been put, and the result is a white device on

a red ground. This bleaching property of

chlorine is largely made use of in various arts and
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manufactures—such as linen and calico-printing and

paper-making. The advantage of its employment

is immense; processes which formerly took weeks

or even months to complete are now readily finished

in a few hours
;
fabrics, such as papei', which sixty or

seventy years ago were more grey than white, now
rival the snow in purity of colour. Thus beauty

and utility are spread far and wide by the use of

this ingredient of common salt. Another valuable

property of chlorine is its disinfecting power ; it

rapidly destroys animal effluvia and oflensive

odours. It is, therefore, exceedingly useful in

sick chambers and in deodorising drains, and for

washing places where infection may be supposed to

lurk.

During the cattle-plague some years ago it was

extensively used in disinfecting cattle-trucks, byres,

and other places where cattle had been, and thus

prevented the farther spread of the disease.

Having thus shortly examined one of the con-

stituents of common salt, we now proceed to study

the residue left when the salt has been acted upon

by vitriol or sulphuric acid, and the spirits of salt,

•or hydrochloric acid as it is more usually called,

expelled. Tliis residue is composed of a well-known

substance called sulphate of soda, or Glauber's salt,

and formerly much used as a laxative medicine.

It is chiefly valuable, however, as the basis of one

of the most extensive industries of the United

Kingdom. When mixed Avith coal or charcoal and

lime, and subjected to a process of roasting in a

highly-heated furnace, it gives rise to a valuable

substance known as soda ash, or carbonate of soda,

which is of essential service in many of the arts-

such as the manufackire of soap and glass, bleach-

ing and dyeing, paper-making, and some metallur-

gical processes. It is produced in thousands of

tons yearly, and gives employment to multitudes.

Formerly this substance was produced from the

ashes of a plant which grows luxuriantly on the

coasts of Spain, and in some other maritime places.

The production from this soiirce, however, was

limited, and it was only when the process of ex-

tracting it from salt was invented that the trade

developed into its present enormous dimensions.

Thus it is that the discoveries of science add beauty

to the productions of art, and open up new sources

of human industry.

Soda ash or carbonate of soda may be decomposed

by boiling it with lime, when we get what is called

caustic soda, a white waxy-looking substance with

strongly marked alkaline properties, and more

vuseful for many purposes than the carbonate itself.

For many years this soda could not be resolved

into anythiiig simpler than itself, and it vras

reserved for the brilliant chemical genius of Sir

Humphry Davy to show its compound nature.

He brought to his aid that wonderful agent

electricity, and by skilful manipulation separated

soda into two bodies, one a metal, which he named
sodium, and the other the well-known body, oxygen

gas. It is easy to prove that the metal is the only

substance besides chlorine which is really got fi'om

the common salt; the others, such as oxygen,

carbonic acid, &c., being derived from the sub-

stances used to effect the analysis. The method

of obtaining sodium employed by Sir Humphry
Davy, though interesting and instructive, is not

suited for general use, and it is now obtained by

mixing carbonate of soda and powdered charcoal,

and exposing this to intense heat in an iron bottle

;

the metal is vaporised, and passes into a vessel

filled with naphtha or rock oil where it is con-

densed. Sodium thus obtained is a silver-white

metal, though scarcely so brilliant in colour as that

metal. At ordinary temjieratures it is solid, but

soft and ductile like wax, and easily melted. It is

somewhat lighter than water, on the surface of

which it consequently floats. Its distinguishing

characteristic, however, is its intense affinity for

oxygen. It rapidly combines with that gas when

exposed to the air, and has therefore to be preserved

in naphtha. A very pretty experiment may be

performed, showing at once this affinity and the

composition of water. A glass jar is filled with

water and inverted, and a little bit of sodium

carefully dried and wrapt in filtering or blotting

paper quickly introduced under the edge of the

jar. Being lighter than water it at once rises

inside the jar, decomposmg the water by combining

with the oxygen and liberating the hydrogen,

which collects in the upper part of the jar, and

may be examined by the well-known tests for that

gas. Great care must be exercised, however, in

performing this experiment, as the action is often

so rapid and energetic as to shiver the glass to

the danger of the experimenter; sometimes when

sodium is thrown on water the heat of combmation

is so intense as to cause combustion, and we see

the somewhat novel spectacle of water burning, so

that the proverbially difficult task of " setting the

Thames on fire " may be easily performed with the

aid of this curious metal. This affinity of sodium

for oxygen is its most valuable property, so far as

utility is concerned, and renders it of almost as

gi'eat importance in the arts as soda itself. In
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metallurgical operations it is utilised in the pro-

duction of aluminium, magnesium, ifec. Sodium is

interesting also as having supplied the key-note, so

to speak, of spectrum analysis, which has so much

enlarged our knowledge of the structure of the

universe. When it is burned, or Avhen common
salt is thrown on the flame of a spirit lamp, the

flame is coloured of an orange-yellow tint. When
we look at this through a spectroscope we see a

bright orange line at the commencement of the

yellow colour in the spectrum, as in D, Fig. 2.

Now if we pass a ray of intense light from an

electric lamp through the sodium flame, we see,

instead of this orange yellow line, a black line

Red 0. Yellow

D
Fig. 2.—Tlie Spectrum of Sodium.

which coincides exactly with a dark line in the

spectrum of the . sun's light. Reasoning on tliis

phenomenon it was evident that it was due to the

principle, that every substance in a state of vapour

absorbs the same rays which it gives out. This

conclusion was amply confirmed by observations on

other substances, such as iron, &c., and the secret

of the dark lines in the solar spectrum was thus

unveiled
;
proving, at the same time, that this

essential element of common salt, which is so

abundantly present on the earth, is also present in

the atmosphere of the sun, and thus it has acted as

a guide leading us to a true knowledge of the

elements which make up our wonderful solar

system, and extending the boundaries of science

into the remotest regions of sj^ace, Avherever a star

twinkles or a nebula sends forth its pale uncertain

light.

We have shown that common salt is not a

simple body, but is made up of at least two very

distinct substances—one a dense yellowish green

gas with an intensely suflbcating odour, and

possessing many remarkable properties ; and the

other a silvery Avhite metal with such an intense

aflinity for oxygen gas, that it cannot be kept pure

in the open air, and can even set on fire water

itself : and these two Avhen held together by the

wonderful bond of chemical affinity, form the

white comparatively inactive body, which gives,

savour to our daily food. Thus the common and

cheap condiment of our dinner-table contains Avithin

itself a world of wonders. It keeps our bodies in

health, and the ocean clean and pure ; it helps to

build up our continents, and to water tlie surface

of the earth with refreshing and invigorating-

showers ; it prevents decay and drives away
disease

;
split iip into its constituent elements it

provides work for thousands ; it cleans and

beautifies our fabrics of fine linen and cotton ; it

gives us our snow-white paper, and provides soap

for cleansing, and glass for beautifying, and thus

enters into every department of human life like a

good angel, carrying cleanliness, health, and wealth,

wherever it goes.

ELEPHANTS.
By a. Leith Adams, F.E.S., F.G.S,,

Professor of Natural History in the Queen's College, Cork.

THE elephant, whose old world aspect is familiar

to nearly every one, may fairly claim to be one

of the most remarkably constructed, as it is the

most ponderous of living land animals. The huge

body, pillar-like limbs, short neck, enormous skull,

projecting tusks, and long dependent upper lip and
nose, or what is called the trunk, make up one of

the most remarkable exteriors in the animal

kingdom. As the chimsy and to all appearances

awkward monster shuffles noiselessly past you on
his gi-eat circular-shaped feet—twice the girth of

which nearly equals the height at the fore-shoulder

—you wonder how he can manage to get along.

Notwithstanding, a good stepping elephant can

compete with a sharp-trotting horse, and will

straddle over many an obstacle the latter would

hesitate to cross. In mounting precipitous places,

the weight of the fore-quarters is thrown on the

elbows ; then cautiously one hind-foot after the

other is moved up to the same level, followed by a

supreme effort, and the huge animal is once more

on all-fours. But the posture is awkward, so grasp-

ing the nearest tree or solid projection with the

powerful trunk, he steadies himself for a minute

before i-esting his elbows again at a higher level,

and repeating the movements. Nor less novel is
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his method of descending, curling the snake-like

trunk under his chin like the coiled-up proboscis of

a butterfly, he rests the weight of the heavy head

on this tough but pliant pad, as he slides down

the incline on his belly and knees, with the fore-

feet advanced for the purpose of breaking the force

of his descent. The elephant swims with ease, and

crosses broad rivers and estuaries, and but for a

disposition to dive would be a safe and sure means

of water transport. In point of intelligence a great

deal might be said ; suflice it, that ready obedience

is the mainspring on which his usefulness in the

domestic state is centred. HLs education depends

Fig. 1.—Molar Tootb of the Asiatic Elephant.

a good deal on the requirements of the individual.

For ordinary work three months' tuition is

generally sufficient, whilst the most proficient are

educated in a year after capture. It has been

asserted that the Asiatic is far more docile and

intelligent than the African elephant, but this is

certainly not invariably the case, inasmuch as the

two magnificent individuals of the latter in the

gardens of the Zoological Society of London are

quite as apt and intelligent, and are more active

than the generality of the former.

The two species differ widely in outward appear-

ance. The African is the taller, and may be easily

Fig. 2.—Molar Tooth of the African Elephant.

recognised by broader ears, less arching of the back,

and more symmetrical proportions. The grinding

teeth also differ, as shown in Figs. 1 and 2, and are

admirably adapted for the particular sort of food on

which each species subsists. The denizen of Asia

feeds chiefly on tough grass and shrubs requiring

a rough triturating surface; consequently the

enamel of the ci'own of the molar (Fig. 1) is

highly plaited, whilst in the other species which

browses on leaves that do not require much chew-

ing, we find the grinding surface (Fig. 2) is

smooth; indeed, to the scientific eye every detail

in the organisations of these remarkable creatures

shows adaptability in accordance with the neces-

sities of their lives. The enormous skull is needed

to give thorough support to the ponderous tusks of

solid ivory, and its great jaws for the enoi-mous

grinders, each of wliich may be a foot in length,

whilst vacant spaces not required are hollow so as

not to add to the "weight. The neck is extremely

short and well-adapted for the support of the heavy

head, but would necessitate the animal going down
on its knees when grazing, were it not for the

pendulous trunk, appropriately designated a fifth

limb. By means of this most useful organ—nothing

more than an enormously developed nose and

upper lip—it breathes, and can use it as a gigantic

syringe and shrill-sounding trumpet, or turn it into

a powerful organ of prehension and a delicate in-

strument of touch. So exquisite and effective, so

pliant and lithe, that by means of this muscular

apparatus it can pick up a needle, pull down a

stately tree, and douche itself with water. When
swimming across a river the only part visible is

merely the tip of the trunk, by which it breathes.

During the heat of summer, when fatigued, or

annoyed by insects, the trunk, armed with a bundle

of grass or a leafy bough, may be seen flicking flies,

and fanning the flanks or brisket. Now tearing

Fig. 3.—Growth of Teeth in the Elephant.

down branches and stripping them of their leaves, or

coiling the oi'gan snake-like around a clump of

grass, it pulls up the mass, and beating the roots on

its fore-legs to get rid of the sand, consigns the

bundle to its mighty millstone grinders. The

elephant, like the generality of animals which suckle

their young, has two sets of teeth, viz., milk or
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deciduous, and true or i^ermaneiit teeth. It lias

only two front or cutting teeth (incisors), called

tusks, which are made up entirely of dentine or

ivory and confined to the ujiper jaw, but instead

of gi'owing downwards they proceed outwards and

form powerful weapons for attack or defence

;

moreover, African travellers state they are also

used for uprooting trees. All the chewing is

performed by the enormous grinders, of which

there are no less than twenty-four, but never

more than eight can be in use at the same time

owing to the following peculiarity in their modes

of replacement. Instead of getting a new tooth

from below, upwards, the successor is formed

behind the one in wear, and as the latter gets

worn away in front, the other pushes it forward

and gi'adually takes its place (Fig- 3), conse-

quently the elephant may be said to be in a

constant state of teething from birth to old age.

At birth the calf weighs about 180 pounds, and

is about two feet ten inches in height : it is then

sparsely clad with hair, which however gradiially

disappears with age. The first or deciduous tusks

ara not much larger or thicker than the barrel of

a goose-quill, and the first grinding teeth are rather

less than an inch in length. These are succeeded

by others, but in the case of the tusk, the new one

is permanent, and increases in length and breadth

by additions proceeding from the root ; on the

other hand the second grinder gradually displaces

the first, and is as regularly removed by its suc-

cessor, and so on until six relays of grinders are

wori\ down, in all twenty-four.

Here again is a beautiful example of adaptation

of means to ends. Had the replacement of the

teeth of the elephant been from below upwards,

the new grinder rising up would have displaced

its predecessor before the former had time to fill up

the large gap, whilst by the method adopted there

is no void, for no sooner is the fore-part ground

away than the pressm-e of the succeeding tooth

behind pushes forward the remaining portion, so

that (as seen in the lower jaw. Fig. 3) the stirface

in wear embraces part of the fi-ont gi'inder and

portion of the next in succession. Considering,

therefore, the material of which the grinders are

composed, and their method of replacement^ we
may well believe that the animal might attam to a

veiy great age.

As regards bulk and stature the largest instances

occur among the African varieties, individuals of

which attain a height at the shoulder of twelve

feet, whereas the Asiatic rarely exceeds ten and a

191

half, and the usual instances vary from eight to

nine feet. It is needless to point out the advan-

tages of a naked skin to such denizens of the tropics

as the elephant and rhinoceros, or the thick pile of

the bear and other animals of cold countries
;
but,

as will be pointed out presently, both hairy elephants

and rhinoceroses existed in the British Islands and

elsewhere when climatic conditions necessitated a

warm covering.

The Asiatic elephant is spread over the forests

and jungles of North-western India to Assam. In

the forests of the latter region no less than 503

elephants were captured duiing the three years

ending with 1880 by the officials of the Indian

Government. It also abounds m the provinces of

Silhet, Chittagong, Tipperah, Cuttack, Pegu, Siam,

and the Tenasserim Pi'ovinces, and likewise in

Cochin China, and the Islands of Borneo, Sumatra,

and Ceylon. Little is known of its previous histoiy

and distribution, but there is much probability

that it extended westwards to Asia Minor, seeing

that the skeleton of an elephant, apparently closely

allied, if not identical, was discovered in the clay

and sand of a river in the jii'ovince of Ei'zeroum

some thirty years ago.

Turning to the African elephant, the distribu-

tion of which has been much curtailed since

Europeans commenced to settle on the continent,

it was at one time plentiful as far south as the

Cape of Good Hope, and had a much wider northern

and lateral range than at present; it is, however,

still plentiful in many parts of Central Africa, in

spite of the great demand for ivory. Little is

known regarding its distribution before the discovery

of the Cape of Good Hope, but among the sand

and material of an ancient sea-beach opposite

Gibraltar, and also in several parts of Sicily and

Western Europe, teeth of elephants have been

found very much like the grinders of the living

denizens of Africa. Moreover, associated with them

in many instances are portions of the skeletons of

hippopotami, lions, and hyenas, scarcely distinguish-

able except in dimensions from the bones of similar

animals now inhal)iting Africa. Supposing, there-

fore, that the living elephant, river horse, lion, and

spotted hyena are the lineal descendants of these

ancient forms, one is justified in concluding, first,

that either the climate of Europe was much milder

in those times, or else the survivors of these animals

have gradually become habituated to the temperature

of Central Africa. In the second place, the fuiding

of the remains in the islands of the Mediterranean

and throughout western Europe as far as England,
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seems to show, at all events, that there was direct

land communication between the two continents,

viz., between the British Islands and the Continent

on the one hand, and the latter and Africa on the

other. These and further evidences of great changes

in the physical features of Europe and North Africa

being among the established facts of recent scientific

researches, are therefore quite admissible in attempts

to trace the early history of the animals that still

survive.

Such are the main features relating to the

characters and distributions of the two living

elej^hants which, but for the labours of the palcBon-

tologist, would appear to us as they did to our

forefathers less than two centuries ago, to be the

sole representatives, either in the past or present,

of the remarkable order of animals to which they

belong. The discoveries, therefore, of the last

hundred years, and more especially within the last

fifty years, show that they are the remnants of an

extensive group of elephantine quadrupeds, which

were spread over the Old and New Worlds in what

geologists consider comparatively recent periods as

compared with the animal relics from still older

deposits. The majority of extinct elephants were

generally much larger than any individuals of the

Asiatic or African elephant. The reverse, how-

ever, obtained in certain cases which will be brought

to the notice of the reader presently.

The remains of elephantine animals have been

found in various rock strata and soils ; from the

Miocene up to the Drift Period.* These when
compared with each other, and with the frameworks

* "Science for All,'' Vol. I., Frontispiece; anil Vol. L,

EP. 289, 291.

of the living elephants, admit of being divided into

three well-marked groups which, aixanged in the

order they are met with in the earth's strata, are

1, the Dinotherium—"terrible beast,"—so called

from the remarkable size and shape of its tusks

Fig. 5.—Molar Teeth of Mastodon.

(Fig. 4) ; 2, the Mastodons, from their grinding-

teeth (Fig. 5), presenting the aspect of a series of

teats or nipples ; and 3, the true Elephants as

represented by forms whose teeth have a general

resemblance to those of the two living species

(Figs. 8, 9, 10, 11). Belonging to these three

types no less than twenty-nine to thirty-one forms

or species have been described, exclusive of the

recent denizens of Asia and Africa.

The earliest known members, or dinotherians

(Figs. 4, 6), Avere of colossal dimensions, as shown by

their bones ; the skull measuring four, and thigh-

bone five feet three inches in length. As just

stated, these monsters were characterised by their

formidable tusks which were placed in the lower

instead of the upper jaw, like huge pickaxes

directed downwards and backwards. Their remains

have been discovered in various European countries

and in India. But the most plentiful of all the

Miocene or early forms were the nipple-toothed

or mastodontine elephants (Fig. 7). These huge

animals likewise exceeded greatly the dimensions

of any living elephants. Many species were pretty

generally distributed over Europe, Asia, and

America ; in the latter continent, entire skeletons

have been found buried in the swamps of Ohio,

Kentucky, and elsewhere. A noble specimen from

Ohio occupies the greater part of a gallery in the

British Museum ; the length of this skeleton is

seventeen feet, and each tusk is twelve feet in

length. So well preserved are the remains in some

cases, that although all the flesh had decayed, there
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remained quantities of the characteristic leaves of

pine and spruce trees in and around the position

where the stomach would have been situated,

thereby gi\ang some clue to the nature of the food

on which the lost animal subsisted. These entire

skeletons turning up so frequently in swamps

bygone times.* As far as yet known, as many as

from ten to thirteen sorts or species of these

mastodons have been identified. Their renlains

have been dug up on the pampas of South America,
in the swamps of the northern portion of the
continent ; on the southern slopes of the Himalayas

;

Fig. 6.—DiNOTHERiuM (Ecstortd).

Fig. 7.—Mastotion {Itnatored).

and marshes, might indicate that the individuals between Burmah and the Khyber Pass ; and in
had been buried, just as elephants now are whelmed southern and western India ; in Germany, Switzer-
at the sources of the Nile, or as was frequently the land, Malta, Italy, France, and England. In
case, so it is surmised, witli the great Iri.sh e'lk in "Science for All," Vol. I., p. 290.
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outward appearance these nipple-toothed elephants

resemble the living species ; but besides two

curving tusks in their upper, there were certain

kinds that had long straight ones in the lower jaw.

The Indian elephant is the sole representative

and survivor of some six or seven different

members of its order which at one time roamed

over Hindostan and the Western Himalayas

—

these elephants were in some instances accom-

panied by the mastodon—and, according to geolo-

gists, has been referred to both Middle Tertiary

(Miocene) and more recent (Pliocene) periods. All

along the southern flanks of the great Asiatic

Alps, forming the northern boundary of British

India, and even in their intei'ior, also in the river

sands and gravels of the central and southern

portions of the continent, abundant remains of

these huge monsters have been dug up in quantities,

and often so well-preserved that there is no

difficulty in distinguishing the individual characters

of each kind.* Besides the elejjhants, there were

found associated with them a nearly complete

record of other large animals which sojourned

at the same time on that ancient land surface and

its waters. It is, moreover, interesting to observe

that although several of these quadrupeds, birds,

and reptiles, have died out, and were distinct from

those now living, either in India and elsewhere,

still, as in the case of the elephant, they have like-

wise their survivals ; for example, the rhinoceros,

still living in the swamps of northern India, was

represented in those times by two or three different

kinds. The hippopotamus not now found out of

Africa was plentiful, four or five species having

then existed ; also the camelopard, and ostrich both

now confined to Africa, were associated with the

above. Add to the list lions, tigers, hyenas, more

or less different in size and character from the

living species, together with camels, deer, antelopes,

oxen, sheep, and other strange and lost forms.

Conspicuous among them was a monstrously large

animal, combining the trunk of the elephant with

the general characters of the camel, and other

ruminating mammals. To this remarkable crea-

ture the name Sivatherium has been given.

Another of these companions of the elephant was

a prodigious tortoise whose shell measured twelve

feet in length.

In this assemblage of animal relics it is apparent

* Through the munificence and enlightened appreciation of

science on the part of the late East India Company, there is

scarcely a large public museum in England or on the Conti-

nent that is not in possession of specimens or casts of these

remarkable relics,

that there is a strange mingling of forms now living

either in India or elsewhere with certain others

which have completely died out. The elephants,

with one or two exceptions, must have differed as

widely from the present denizen of India as they did

from one another. Thus the nipple-shaped tooth

(Fig. 5) or mastodon elephant becomes in another

form more like that of the living species, and it in

turn passes directly mto the latter, making a

scarcely broken pedigree for the Asiatic and African

elephants back to the mastodontine form. But

these are only isolated links of the broken chain

which lies hidden in the soils of the world, so that

the future natural historian has every prospect of

adding to our present knowledge of the ancestry of

the elephant. Another remarkable link in its

genealogy is presented by the dwarf elephants

found some years ago in the soils of the little

island of Malta. Until this discovery was made,

all the evidence furnished by the extinct and

living elephants showed that their order was

characterised in the past as well as the present by

the gigantic proportions of its members. At first

it seemed uncertain that the remains did not

represent young individuals, but a further investi-

gation made it clear that vast numbers of a pigmy

form of elephant, about the size of a donkey, had

sojourned on a land of which the Maltese Islands

are mere i-emnants. This was proved by the

discoveries of quantities of teeth and bones, repre-

senting every stage of growth, from the calf to the

aged. Some of the bones of the latter, as compared

with the same parts of the living elephants, gave a

height of about 3 feet at the shoulder, whilst others

varied from 4-|- feet to feet, the tallest being

much below the smallest fiiU-groAvn individuals of

the two living forms. A tooth of one of these

Fig. 8.—Molar Tooth of Pigrmy Elephant.

elephants is shown in Fig. 8. Hitherto these

dwarfs have not been found elsewhere, but one of

their companions has been identified in Sicily and

Crete, viz., a hippopotamus of smaller size than

the present river-horse of the Upper Nile. Besides

the hippopotamus, enormous quantities of bones of

a gigantic dormouse as large as a guinea-pig, and of

huge tortoises as big as the present denizens of the

Galapagos Islands have been found,
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Turning now to tlie continent of Europe in

general, and the British Islands in particular, we

find that herds of elephants inhabited England,

southern Scotland, and Ireland. This is proved by

the vast quantities of their remains found buried in

caverns or in the soils, and river sands and gravels,

more especially in the valley of the Thames. Their

bones and teeth have also been dredged up in

abundance by fishermen, on the east coast and

along the floor of the German Ocean. Many of the

relics found in caverns show signs of having been

gnawed by lions, hyenas, and bears, as further

proved by the finding of these animals' bones in

the same situation, so that England must have pre-

sented much the appearance of the central Africa

Fig. ft.—Molar T 'oth of Southern Elephant.

of our time, in tlie days when these mammals
roamed over its plains and forests. The oldest

traces of the true elephants hitherto discovered in

Great Britain, refer to the Pliocene Period, and to

an epocli before the famous Ice Age, as demonstrated

by the discoveries of their bones in soils undei-

neath the deposits formed by the glaciers and ice-

bergs. For example, between the Wash and the

Naze, along the coast-lines of Norfolk and Suffolk,

there exists a submerged forest, discernible during

unusually low tides. In the soil of this forest

the old stumps of fir, spruce, and other ti'ees,

have been seen standing where they grew ; whilst

its deeper parts contain bones and teeth of

elephants, rhinoceroses, hippopotami, and many
other mammals.

The elephants are of three kinds :

—

1. One sort, distinguishable by its teeth and

bones, was of colossal dimensions ; it has been

named the southern elephant, because its remains

were first discovered in Italy. The crown surface

of one of its grinders is shown in Fig. 9.

2. Another elephant, rather smaller than the

last, but often of ponderous size as compared vnth

the two living forms, has been recognised as the

ancient elephant, in consequence of its relics having

been at first considered the more ancient. The

tooth of this form is shown in Fig. 10, and it may
be observed that there is a close relationship

between certain teeth and bones of the ancient

Fig. 10.—Molar Tooth of Ancient Elephant.

and African elephants, indeed some of the former

are barely distinguishable from grinders of the

latter.

3. The last British elephant was the famous

mammoth, whose tooth is shown in Fig. 11.

Now all the above have left their remains in

the sands and clays of this old British forest,

since submerged under the sea, and at one time

probably, portion of a land area that united England

with the continent of Europe, seeing that these

elephants and the other associated mammals have

likewise been found in abixndance under similar

conditions on the opposite coast of Holland, and in

many countries inland.

Such are the genei-al relationships and first

indication of elephants in our islands, prior to

the Ice Age or Glacial Period. The phenomena

Fi/. U.—Molar Tooth of Ma-.iiiiiotlj.

relating to this remarkable era in tlie earth's

history need not be entered upon here, as they

have been already described.* Suffice it to say, that

the change of temperature was accompanied by

momentous changes of level, in north-western

Europe, whereby tlie British area was submerged

to its highest mountain tops and re-elevated, when
the emerged land assumed much the same contour

as previously, and the climate became once more

temperate. At this period many of the animals

previously repelled to central and southern Europe

gradually redistributed themselves over our country,

and the mammoth and ancient elephants retunied,

but not the southern form, which apparently died

out ; at all events if it did survive, few, if any,

* "A Highland Glen ;'" " Science for All,'" Vol. I., p. 39.
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came back to British forests. This is proved by .the

absence of its remains in soils deposited since the

Glacial Period.

The mammoth or hairy elephant (Fig. 12), to

which refei'ence has been made elsewhere, and its

geographical distribution in Europe, Asia, and

America detailed,* seems to have been very

jilentitul in central and sovith-eastern England, and

less so in Scotland and Ireland, where no traces of

in the bears of the Far North and in tigers which

extended beyond the Southern regions which are

most familiarly known as their haunts. Like the

ancient elephant and the African, there is also

much in common between the mammoth and Asiatic

elephant, so that it may be that the two living arc

the modified descendants of these extinct forms.

Be that as it may, were it not for the discoveries

of the extinct forms of these remarkable animals,

Fig. 12.—The Mammoth {Restored).

the ancient and southei-n elephants have hitherto

been found.

The mammoth was the most cosmopolitan of all

elephants living or extinct. It roamed over oenti'al

and northern Europe from Ireland to the Ural

Mountains, and from the latter across northern

Asia to Behring's Strait, and southwards to

Canada and the United States. In the latter

country it was contemporaneous with another

species called the Columbian elephant, whose grind-

ing teeth resemble the Asiatic elephant's. The
discoveries of carcases of the mammoth in the

frozen soils of Siberia, and covered with long hair

and thick masses of under wool, showed its adap-

tability to withstand cold climates, just as we find

* "The Irish Elk, and its English Contemporaries :'' "Science

for All," Vol. I., pp. 134, 289,

veiy little could have been even surmised regard-

ing the ancestry of the living elephants. This,

however, is certain, that however much the species

may have difiered from one another, all have been

built on one fundamental type of structure, which

has been modified in vai'ious ways for the advantage

of each form, as we have seen in the case of the

grinding teeth of the two living species. The
facts, however, are in too crude a state at pre-

sent to admit of definite conclusions being drawn

in relation to the evolution of the living and

extinct elephants, but as man continues to dis-

place the surface soils and deeper strata of the

earth's crust, fresh discoveries will doubtless enable

the natural historian of the future to see " face

to face " what " we now see through a glass

darklj."
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CEACKS IN THE EAETH'S CRUST.
By Charles Callaway, M.A., D.Sc, F.G.S.

"OST old things tend to crack. The bark of

an ancient tree is scored with countless

crevices
;
many mediaeval monuments in our church-

yards are starred like a broken pane of glass ; even

the granite columns of ancient Egypt and the

massive structures of the Druids crack and shiver

at the touch of time. But, stranger than all, the

solid globe itself is cracked and starred all over.

hundreds of miles in thickness. The globe is, then,

a rigid shell enclosing a fluid and intensely heated

mass. But the loss of heat is accompanied by con-

traction. The earth grows smaller as it grows

older ; as the interior shrinks, the . crust, being

spherical, is compelled to pack itself into a smaller

compass. Thus powerful forces, acting laterally,

will be set in motion : the solid shell will be

Pig. 1.- Fault Hading to the Downtheow.

Its crust is split into millions of fragments, varying

in size from a few square yards to many square

mUes. The cracks which bound these pieces some-

times run for scores or hundreds of miles in a

comparatively straight line, sometimes they are but

a few yards in length. The crust of the earth is,

in fact, like a tesselated pavement, made up of

puckered into waves, and the curvatures, being

more or less rigid, will frequently be broken. The
contraction of the interior will sonietimes leave

cavities into which portions of the overlying crust,

being thus deprived of support, will fall. Cracks

in the earth's crust are thus seen to be fractures

caused by contraction due to loss of heat.

J)

•Fiff. 2.—Showing Why Faults Hade to the Downthrow.

countless pieces, which yet fit so closely as to

present the appearance of a continuous surface.

It is not difficult to understand why the globe

should be cracked all over its surface. We must

bear in mind that it was once a molten mass, and that

during a long lapse of ages it has been gradually cool-

ing down. When the melted matter at the surface

had cooled down to a certain point, it solidified
;

just as a hard film forms on the surface of cooling

gravy. As the earth lost heat, the crust grew

thicker and thicker, so that now it is probably

Sometimes these cracks are mere fissures which

have not produced any displacement of the rocks

on each side, but more frequently the fracture is

accompanied by upheaval or depression, when it is

called a fcmlt.

The vertical displacement of a set of beds by a

fault is called its throio, a fault being an upthrow

or a downthroio according to the side from which

we view it. In Fig. 1, A b is a fault, and CD E F is

a stratum, say of coal, which is higher on the left

side. We may not be able to say whether c D has
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been raised or E p lowered, but, in any case, c D is

on the upthrow side of the fault and E F on the

downthrow. The inclination of a fault is known to

miners as its hade. In the figure, the fault hades

to the downthrow, which is the usual rule. Under

very exceptional circumstances faults hade to the

upthrow, and are then said to be reversed.

Why faults usually hade to the downthrow will

be evident from the following explanation and

the diagram on p. 375 (Eig. 2). Let a section

of the earth's crust, A c E F, be acted iipon

by a force which upheaves it in the middle, and

splits it, causing the fault B d ; then it is

much more likely that the mass A B c D should

be raised than the mass b e d f. For in the first

place, A B c D has a wider base, and as it grows

H

A

smaller towards the surface, it has a propor-

tionately less mass to uplift than b E D F, which

grows larger upwards. Then it will be seen from

the figure that if b e d f were u.pheaved to (say)

e Ey F, an open gap would be formed along the line

of fault, and the projecting mass (e) would overhang.

No such difficulty would arise were a b c d raised to

A « c c.

The same law is further illustrated by what are

called trough faults. We must suppose that faults

extend downwards for miles, for we cannot con-

ceive that a portion of the crust should be raised

or depressed at the surface without the underlying

rock being similarly afiected. If then a fault hade

towards, say, the west, it will, at a greater or less

depth, sometimes intersect a fault hading to the east.

These two faults, forming the two sides of a great

letter V, and called trough faults, enclose between

them a triangular mass of the crust It is not

difficult to imagine how these faults are formed,

and why they hade to the downthrow. Let A b c d

(Fig. 3) represent a section of the earth's crust. It

is acted upon by an upheaving force which causes a

fracture, which at first extends upwards from F as

a single crack to G, where it bifurcates into a pair

of faults G H and G i, forming a trough enclosing the

triangular mass M. By a continuance of the

upheaval, the fissure F G will open, forming a

triangular cavity, into which the mass m will sink

to a greater or less depth. The middle of the bed

E E is thus thrown down towards g g, and the two

faults H G and i G hade towards the downthrow.

By friction and crushing, the angles at g G might

be removed, and the wedge M might fill in the

lower part of the triangular gap.

Recent investigation has brought to light many
curious examples of the upthrust of wedge-shaped

masses of the crust between a pair of faults.

J

Underlying the great succession of fossiliferous

deposits are certain ancient* rock-groups, called

Archaean or pre-Cambrian. Their immense antiquity

has exposed them during a long series of ages to

the forces which fracture and rend the crust.

They are consequently so broken and disturbed

that it is a work of immense difficulty to make out

their mutual relations. The island of Anglesey is

a wonderful example of dislocation. It is a pave-

ment of fragments of formations of diff'erent ages,

thrown together in most confusing disorder

Numerous wedges of rock, of from half-a-mile to

several miles in length, are let down amongst

older strata just as new tiles are le^ into a tesse-

lated floor. The Malvern f range is a long wedge

of Laurentian gneiss forced r^p between two faults

;

it is not a mass of molten matter which has risen

up into a great fissure, but a fragment of the

rigid crust, separated from the primseval floor of

the globe by two parallel cracks, and thrust up

through tiie overlying Cambrian and Silurian

* "yckucc for AU," Vol. III., p. 204> + Ibid.

Fig. 3.—Showing how Trough Faults are Foehed.
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deposits which once covered it in. So great was

the force of upheaval that it not only tilted up

the strata on its flanks, but at some points it

pushed them right over, so that the older overlie

the younger. The Wrekin (Fig. 4), the classic

Shropshire mountain, is a similar example. This

ridge, which trends for nearly four miles in a

time of their original upthrust, these fragments

were probably covered in by thousands of feet of

strata ; that the superincumbent masses have since

been removed by denudation ; and that the wedges

themselves have undergone considerable reduction

in size and modification of shape.

Faults often bring together rocks of difierent

Faults

Fig. 4.—Section Across the Wrekin.

Fault

straight line from north-east to south-west, is

composed of bedded volcanic ashes and lavas of

Archaean Age. The figure is a section across the

axis. The Archaean rocks (1) appear to dip slightly

to the north-west, their true dip being to the north.

This triangular mass has been cut out of the

ancient Archaean crust by two parallel faults, and

subsequently thrust up through the beds 2, 3, 4,

which originally overlay. To compare great

things with small, it is as if a \nece of the first

ages. In Fig. 1 it is obvious that the beds above

E F are newer than the band o D, which was
originally continuous with ef. In this case the

beds brought together are merely higher and lower

bands of the same formation, but frequently rock-

groups which are thrown to the same level difier

in age by many millions of years. An excellent

example of this is shown in Fig. 5. The elevation

to the right is the Pennine range of Cumberland

and Westmoreland. Its cliff-like " escarpment,"

Fig. 5.

—

The Pennine Faolt.

floor of a house were cut out, and forced up
through the second and third storeys, tilting up their

joists and boards on each side in its upward
progress. The faults which cut out this rock-wedge
run in a straight line to the south-west, through
Shropshire into Radnorshire, and here and there

similar fragments of the old earth-floor are pushed
up between the cracks, and form hill ranges. We
must bear in mind in all these cases that at the

192

facing the west, overlooks the valley of the Eden.

This escarpment is composed of Carboniferous

rocks (d) resting on the upturned edges of Lower

Silurian slates (b). Thrown down against these

old rocks by the fault (/), are sandstones of

Permian Age (e), a formation still newer than the

Carboniferous, which crops out at the surface

farther to the west. If we prolong one of the

beds in the escarpment (say d^) to the west by
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means of the dotted line, it will be seen that the

fault has thrown dovm the Carboniferous and

Permian rocks to the distance f^,/'.

A succession of faults may cause frequent

repetitions of the same strata. In Fig. 6 the beds

a, b, c, d, are thrice repeated by the faults, c, d, e,

so that in passing from A to B the same band (say

a or b) is seen four times. The original position

of the strata is represented by the dotted lines.

If we did not recognise the faults, we might

suppose there was a continuous ascending series

from B to A. The importance of these observations

railway-cuttings, the fracture may often be observed.

Sir Roderick Murchison and Prof. Geikie describe

a wonderful example of faulting in the Torridon

district, in the North-west Highlands. Red sand-

stone and white quartz-rock are thrown down
against each other in alternate strips cut out by
faults, the dislocating force sometimes wedging in

the younger formation below the older. The red

and white bands are repeated again and again, and

as they are clearly exposed along the side of a glen,

they "give the declivity all the appearance of a

vast diagram." Usually, however, the existence

C D
Fig. 6.—Eepeiition of Beds bt Taults.

is seen in mining operations. Let 6 be a coal

seam. A surveyor who did not detect the faults

would suppose there were four distinct beds of

coal, and the property would be valued at four

times its real worth. But the fallacy would be

evident on working, for as the miner excavated the

bands to the right of the fault c, he would come

down to the faults c, D, E, and would find sand-

stone or shale instead of coal. This is an

illustration of the money value of scientific know-

ledge. Speculators are sometimes ruined by the

representations of so-called "practical men," who
affect to despise the teachings of true science. It

has been estimated that the cost of the Geological

Survey of the United Kingdom might have been

defrayed out of the sums wasted in ignorant

explorations for coal.

It may naturally be inquired, How can we find

out faults ] We do not see the cracks which you

say traverse the surface in all directions : how is

their presence indicated ] To this it may be in

part replied that sometimes we do see them. We
rarely detect the actual crack or fissure on the

horizontal surface of the ground owing to the drift

or soil which usually covers the bare rock ; but in

sea-cliffs, in mountain scarps, even in quarries and

of faults is a matter of inference. One kind

of proof is the following. If we know that

a certain bed b, is always found below another

bed, A ; and then find at any spot that B is in such

a position in relation to A, that by no possible con-

tortion or inversion could it be brought to pass

below it, then there must be a fault between them.

Examine the section in Fig. 6. We find at the

surface of the ground above D and E that the bed

a is in contact with the bed c. We knoAV by

examining unbroken districts that the true position

of a is above c, with b intervening. It is, there-

fore, obviously impossible that c should pass imdei

a, and the necessary inference is that between a

and c there is a fault which has brought down a

to the level of c, or forced up c to the level of

«. Or take the actual example shown in Fig. 5.

The Perm.ian sandstones (e) dip as if they would

pass below the Carboniferous beds (d). But the

true place of the Carboniferous is below the

Permian. As it is obvious that the Carboniferous

rocks in the escarpment could not by any possi-

bility be got to pass beneath the beds (s), which lie

so far below them in the valley, a fault is inferred

at the foot of the scarp. The presence of still

older rocks (6) under the Carboniferous [d) would



CRACKS IN THE EARTH'S CRUST. 279

serve to strengthen the proof, were that necessary
;

but in some parts of the valley the slates (b) are

absent, and the Pennian is faulted directly against

the Carboniferous.

The fault just described is of great length, ex-

tendins; from Scotland into Yorkshire. Com-

mencing in Dumfriesshire, it is continued in a south-

south-east direction, passing up the valley of the

Eden as the Pennine Fault as far as Brough. It

then turns to the south-south-west, running by

Kirkby Stephen and Dent to Kii'kby Lonsdale and

Ingleton, where two branches, called the Craven

faults, are given off to the east. The course of

this well-known system of faults is shown in Fig. 7.

Pennine Chain.

Craven Faults.

Fig. 7.—Diagram of the Com-se of the Pennine Fault.

it is estimated that, in some parts of its course, the

Pennine fault throws down the strata as much as

6,000 or 7,000 feet.

As the earth's crust is so sadly dislocated and

shattered, it might be expected that its surface

would be very irregular, the upheaved fragments

forming mountains, and the depressed areas consti-

tuting the intervening valleys. Strange to say,

however, the mountains are usually created, not by
the stupendous fire-forces which rend the solid

crust asunder, but by the gentle and unobtrusive

/

agency of running water.* If the inequalities

originally made by faults remained, the earth's sur-

face would be an uniidiabitable chaos of tremendous

precipices and appalling cre\ asses. Scenery would

consist of cubic or pyramida) blocks of rock, with

angular gulfs between. But the action of frost

and waves, eating away the more prominent masses

as they emerged from the ocean, has gradually

planed off the inequalities. The island of Anglesey

is, perhaps, the most faulted district in Britain,

yet it is almost a level plane ; and the few insig-

nificant elevations which stud its surface are due,

not to dislocation, but to the imequal hardness

of the rocks. Faults which threw down strata

thousands of feet have left not the slightest

inequality In the surface. The stupendous masses

of rock which once rose on the upthrow side have

been clean swept away. It is almost as if a car-

penter were to fit together a number of blocks

of wood, many of which should rise higher than

the rest, while their degrees of hardness should

vary. Then let him cement them into a solid mass,

and plane off all the irregularities, producing a level

surface. Lastly, let him rub this surface with

sand-paper so thoroughly as to wear away the wood
to a depth of, say, a quarter of an inch in the

softest blocks, leaving the hard blocks standing up
higher. Then the Imes of separation will represent

faults, and the hard blocks, which will have been

rounded off by the sand-paper, will answer for

movintains. Knots in the wood of the softer blocks

will also represent mountains.

Connemara, in western Galway, is another

illustration of the subordinate influence of dis-

locations upon sceneiy. This charmingly picturesque

district is a wild sea of mountains, of which the

Twelve Pins (or Bens) of Binabola are the cul-

minating crests. The rocks of Connemara are

chiefly granite, gneiss, mica-schist, limestone, ser-

pentine, and quartz-rock, with numerous intrusive

dykes and masses of fel stone and syenite. On
examining the coloured map of the Geological

Survey, we observe that each kind of rock has a

distinctive tint, so as to be easily recognised. We
also notice that the map is scored by countless white

lines, as if the demons, who are supposed ;o have

originated most noted mountains^ had celebrated

the completion of their tasks by a dinner, and left

all the gridirons scattered about. Thes3 lines repre-

sent faults. Their prevailing direction is from north

to south. But the scenery has not been materially

affected by these cracks and dislocations, numerous

"Science for AH," Vol l.,, v. 116.
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as they are. The map shows us that all the

important elevations are in the patches which

are coloured yellow, which indicate the bands and

masses of quartz-rock. The durability of this

variety accounts for its prominence. Quartz is

but little affected by chemical forces, and it also

yields but slowly to the disintegrating influences

of frost and running water. The trend of these

hills is, on the wholej from east to west, agreeing

with the strike of the quartzite beds, and, of

course, at right angles to the general run of the

faults. Sometimes one of these ridges is crossed

transversely by a dozen parallel faults within the

breadth of a mile. The denuding forces, however,

declining to permit competition on the part of the

fire agencies, have removed such inequalities as

the faults may have originally produced, and,

scooping out the intervening bands of schist and

limestone, have left the hard quartz-rock beds

exjiosed as lofty moiintain ridges.

The old rocks which form the magnificent

scenery of the Scottish Highlands are likewise

extensively dislocated by faults, but the varying

hardness of the rock-masses is here also the chief

cause of inequalities in the crust. Such fine peaks

as Schiehallion and Ben More of Assynt are masses

of quartzite isolated by the removal by denudation

of the softer rocks surrounding.

But while faults in their influence upon scenery

are suborolinate to other causes, they have their

share in the result. The valley of the Eden (Fig. 5)

is not only due to the softer nature of the Permian

sandstones as compared with the rocks of the Pen-

nine chain, but to the depression of the crust to

the west of the fault. Denudation in this case has

not removed the beds on the upthrow side, though

it has probably greatly reduced their elevation.

The Malvern and Wrekin ranges also owe their

existence in part to faults, but had it not been for

the great durability of the upheaved wedges of

rock, they must long since have been planed off to

the general level. It happens in both cases that

the flanking strata are much softer and more easily

washed away. Faults often produce inequalities in

the surface when they bring together rocks of

different degrees of durability. The junction is a

line of weakness along which the denuding forces

act with effect. Hence faults frequently run

along the bottom of valleys and lakes. Bala Lake,

for example, lies in the line of a great dislocation

which runs from Cheshire through part of Denbigh-

shire, down through Bala Lake, and on to the sea

near Towyn, a distance of nearly sixty-six miles.

But on the whole, we may conclude that " the

gentle rain from heaven" has more materially

contributed to the production of the inequalities

which give beauty and magnificence to "this

round of green, this orb of flame," than the

convulsions which have so extensively cracked

and rent the crust of the globe.
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Beds by Faults, 378, 379.

"Feather, A," by Dr. Hans Gadow,
270.

Felspar : a Source in the Production of
Clay, 18.

Fertilisation of Plants by Insects, 6.

Fig : its Development as a Fruit, 241.

Filey Bay : Sands, 121, 122.

Fire-clay, 20.

Fire-flies, 48, 49.

Flamel, the Alchemist, 45.
" Flint," by Prof. Barfl:", 343.

Floors, Use of Sand on, 126.

"Fluorescence," by William Ackroyd,
186.

Fluoride of Silicon, Experiment showing
How it is Made, 351.

Flying Fish, 222. i

Flying Gurnets, 223.

"Fogs," by Robert James Mann, 101.
'

Foraniinifera in Sands, 122.
|

Forbes, D. : Earthquake at Mendoza, 69.
j

Forbes, Prof. E. : his Theory of the Dis- i

tribution of Plants, 5.

Fossil Earwigs, 133.

Fowls : Origin of their Domestication,
119.

Fowls : Feather Tracks on the Body of
a Cock, 277.

Frankland, Dr. : on London Fog, 104.

Franklin, Benjamin : his Celebrated
Kite Experiment ; his Lightning
Conductor, 159—163.

Fresnel, Improvements in Lighthouses,
106.

Frog, Temperature of the, 115.
" Fruit, A," by Dr. Robert Brown, 241.

Gabbro, a Cornish Rock, 135.

Gadow, Dr. Hans :
" A Feather," 270.

Galileo : his Observations of Saturn, 72.

Galle, Dr. : his Observations of Saturn,
74.

Gas :
" Coal Gas," by J. Falconer King,

167.

Gas Apparatus, Deville's, 198.

Gas Pipes and Lightning Conductors,
166.

Gas-tar, 172 ; Aniline Colours produced
from it, ib.

Gases, Tubes used for Analysis of, 200.

Geese : Origin of their Domestication,
150 ; Ancient Egyptian Geese, ib.

Geographical Distribution of Earth-
quakes, 138.

Geology :
" A Clod of Clay," 14 ;

" The
Biography of a Trilobite," 53; "Old
Sea Pens," 78; "A Piece of Serpen-
tine," 134; " The Crag," 312 ; Super-
position of Strata in East Anglia,
315 ;

" The Cheese-Grotto of Bertrich-
Baden," 324; "Cracks in the Earth's
Crust," 375; Section Across the
Wrelun, 377.

Geological Features of Earthquakes, 140.
" Germs," by Prof. F. Jeffrey Bell, 316.
Giant Earwig, 130.

Globe-hghtning, 38.

Glow-worms, 48.
" Gnat, A," by Arthur Hammond, 226.

Gnomon, The, 295.

Goats : Origin of their Domestication,
148.

Gold {See Alchemists).
Goldschmidt, M. : his Discoveries of

Minor Planets, 177.

Gomphoccras, Shell of, 283.

Goniatites, SheU of, 284.

Graham, Thomas : his Researches on
Digestion, 92.

Graham, Mr. : his Discovery of a Minor
Planet, 177.

Graptolites, 80.

Graptolithus scalaris of Linnaeus, 79.
" Grasshoppers and Locusts," by Dr.

F. Buchanan White, 285.

Grasshopper : its Auditory Apparatus,
287.

Gravel and Sand (See " Sand, A Grain
of").

Gravity, The Attraction of, 127.

Gregarina in Earthworms, 43.

Greenwich and Kew, Proportional Quan-
tities of Sunshine at, 208.

Growth of the Sea-Anemone, 156.

Guinea Fowl, 150.

Guns and Gunpowder employed in Fog
Signals, 106, 107.

Gurnets, Flying, 223.

Halobates, or " Sea-Walker," 224.

Hammond, Arthur :
" A Gnat," 226.

Harding, Prof. : his Discovery of the
Planet Juno, 175.

Hawk's Down : One Radius Magnified,
271.

Headlands of Eastern Yorkshire, 121.

"Hearing," by Prof. T. J efTery Parker,
235.

Heat : its Influence on the Distribution
of Plants, 3.

Heat, Animal, by E. Waldemar von
Tunzelmann, 115.

" Heat Power," by W. D. Scott-Moncrieff,
230.

Heer, Oswald : on the Formation of Clay,
19.

Hencke's Discovery of Minor Planets,
177.

Henderson's Retort for the Distillation
of Shale, 97.

Hermione, a Minor Planet, 178.
Herschel, Sir John : on the Rings of

Saturn, 78 ; Obser\'ations on Mist, 102.
Herschel, Sir Wm. : liis Observations of

Saturn, 75—77.
Hilda, a Minor Planet, 119.
Hind, J. R. : his Discoveries of Minor

Planets, 177.

Hornblende Schist : its Junction with
Serpentine, 135.

" Horn Shells, Ancient," 281.
Horse : Origin of its Domestication, 144

;

First used only as a Beast of Burden,
145 ; Historical Notic-s of the Hor.=e,
146 ; Assyrian King's Chariot, ib. ;

Normandy Farm-horses, ib.; Dray-
horses, ib.

" House Fly, A," by Arthur Hammond,
22.

Howard's Description of Meteoric
Stones, 28.

Huddart, Captain : his Parabolic Reflec-
tor for Lighthouses, 351.

Hunter, John :
" A Piece of Paraffin,"

95.

Huxley on the Human Stomach, 94.

Huyghens : the Rings of Saturn, 72.

Hybernating Mammals, Temperature of,

110.

Hydra, 156.

Hydrofluoric Acid : Experiment show-
ing its Preparation, 350.

Hydroid Zoophytes, 82 86.

Hyena's Cave at Kent s Hole, 144.

lanthina (a Pelagic Snail) : its Shell,
219.

India, Zodiacal Light in, 1874, 212.

Induction Balance, 263.

Infusorians, Ciliary Movements of, 114.

Insects :
" A House Fly," 22.

Insects captured by Plants, 109.

Insects, Phosphorescent, 48-

Iron : Colour of its Vapour, 35.

Iron, Meteoric, 30, 33.

Iron and Copper as Lightning Conduc-
tors, 160.

Iron in Clay, 20.

Ivory Porcelain, 18.

Jackal, the Parent of the Dogs of the
East, 145.

Jamaica, Earthquake in, 67.

Jelly-Fish : their Stinging Power, 153.

Johnson, Rev. S. J. : "Eclipses, Past and
Future," 12.

Juno, Discovery of the Planet, 175.

Jupiter, The Planet, compared with
Saturn, 75, 76.

Kaemtz on Lightning, 39.

Kangaroos, 91, 339.

Kaohn, 15, 17-

Kent's Hole, Hyena's Cave at, 144.

Kew and Greenwich, Proportional Quan-
tities of Sunshine at, 208.

King, J. Falconer :
" Coal Gas," 167.

King Crabs, 53.

Kir'by and Spence on Fu'e-flies, 48.

Kirkwood, Professor: his Theory of the
Minor Planets, 176.

Lancelet : its Blood Corpuscles, 111, 179.

Land : Sand as a Land-maker, 124.

Landslips, 124.

Langley, Professor S. P. :
" Venus and

the transit of 1882," 300.

Lapworth, Charles :
" Old Sea Pens," 78.

LasseU and Bond's Observations of

Saturn, 73, 75.

Lavoisier s Discovery of the Nature of

Combustion, 45.

Lawson, William : "A Sun-Dial," 294.

Lherzolite, 136.

Lenses for Lighthouse Purposes, 355, 356.

Liebig's Potash Bulb, 200.
" Life on the Surface of the Ocean," by

H. N. Moseley, 219.

Light : its Influence on the Distribution

of Plants, 3. .

Light: an Electro-Magnetic Phenome-
non, 129.



Light : Amount produced by the Com-
bustion of Coal, 171-

Light, A Soniferous Beam of, 308.

Light, Radiation of, 127.

Light in connection with Lighthouses,

"Lighthouse, The Optics of a," by H.
Trueman Wood, 352.

Lighthovises and Fogs, 105.

Lighting by Gas : its History, 167 ; Wil-
liam Murdoch, ib.; "London and
Westminster Chartered Gas Light
Company," 168 ; Peace Rejoicings in

1814, ib.; Guildhall successfully
Lighted, 169 ; Streets in Westminster
Lighted, ib. ; Heating Power of Gas,
172 ; Motive Power, ib. ; Gas Engines,
ib.

"Lightning: Why it is seen as a Flash
and heard as Thunder," by Dr. Robert
J. Mann, 31.

"Lightning, How Buildings are pro-
tected against," by Dr. Robert James
Mann, 158.

Lightning Conductors, Early History of,

159.

Linnseus : on the Distribution of Plants,
i; his "Systema Naturse," 79.

Lisbon, The Earthquake of 1755, 64.
" Living Beings, The Movements of," by

Dr. Andrew Wilson, 108.

Lizard, Temperature of the, 116.

Lizard Serpentine, 135.

Loam, 20.

Lobster, Hearing Organs of the, 236 ; its

Auditory Sac, ib.

Lockyer, J. N . : on Elementary Bodies,
46.

London Fog, 103.

London, Variety of Building Materials
in, 134.

Longevity of the Sea-Anemone, 156.

Lowe, F. R. Eaton :
"A Chemical Labo-

ratory," 195.

Lucifer Matches, 99.

LyeU : on Earthquakes in South America,
67, 69.

Maggots, 22, 26.

Magnanerie, or Rearing-house for Silk-
worms, 193.

Magnetism, 128.

Mahon, Lord : on the Return Shock of
Lightning, 37.

Maitland, Major : Improved Gim em-
ployed as a Fog-signal, 106.

Mallet on Seismology, or the Science of
Earthquakes, 137.

Mammoth, Molar Tooth of, 373 ; restored,
374.

Mann, Dr. Robert James :
" Why Light-

ning is seen as a Flash and heard as
Thunder," 34; "Fogs," 101; "How
Buildings are protected against Light-
ning," 158 ;

" How the Intensity and
Duration of Simshine are Measured,"
195.

Manx tailless Cats, 146.

Map, showing the Natural History of
New Zealand and Australia, 337.

Map of the World, illustrating Eartli-
quakes, 138, 141.

Marble-cutters, Ancient : their use of
Sand, 124.

Marl, 20.

Mars, The Planet, compared with
Saturn, 75, 78.

Marsigli, Count de : his Account of Red
Coral as a " Plant," 151.

Martin, John H. : "An Earthworm," 39.

Martinique, Earthquake in, 68.

Maskelyne, Professor : on Meteoric
Stones, 31.

Mastodon, Molar Tooth of, 370 ; Restored,
371.

Maw, George : on the Formation of Clay,
21.

Medusa, a Minor Planet, 119.

Melsens, Prof. : his Lightning-Conductor
at the Hotel de Villc, Brussels, 165.

Mendoza, Earthquake at, 69.
Meunier, Stanislas : on Meteorites, 32.

Messina, Earthquake at, 70.

Metamorphoses of the Locust, 292.
Metals : Sir Humphry Davy's Re-

searches, 45 ; Transmutation of, at-
tempts of Alchemists, 45 ; Conductive
Capacity of, 159, 248.

INDEX.

Meteorology :
" Meteoric Stones," 27.

Meteoric Stone, Microscopic Section of,

32.
" Meteoric Stones," by G. F. Rodwell,

27.

Meyer, Prof. : his Investigations of Ele-
mentary Bodies, 46.

Microphone, 262.

Microscopic Section of Meteoric Stone,
32.

Midland Railway Station, St. Pancras ;

Building Materials employed, 134.

Migration of Plants, 6.

MiliolinsB in Sands, 122.

Millstones, 124.

Mineralogy : China Clay, 17 ; Meteoric
Stones, 27.

Mineral Phosphorescence, 50.

Minerals : Serpentine, 134.
" Minor Planets, The," by W. F. Denning,

173.

Mist : Observations of Sir Humphry
Davy, 101.

Moisture (Sec Water).
Monograptus, 81, 82.

Moon, The : Ocoultation of Saturn by the
Moon, 76.

Mosclev, 11. N. :
" Life on the Surface of

the Ocean," 219.

Moufflon, 148.

Mountains in the Planet "Venus, Sup-
posed, 301.

" Movements of Living Beings," by Dr.
Andrew Wilson, 108.

Mulberry, 243.

Multiple-point, or Aigrette, for Light-
ning-rods, 161, 162.

Muscle or Muscular Tissues : Cells of Pro-
toplasm in, 114 ; Fibrils, ib. ; Con-
tractility, ib.

Muscular Fibre of an Artery, 119.

Mushrooms : Luminosity of tlie Agaricus
olcarius, 49.

"Mussel, A," by Dr. Andrew Wilson,
252.

Naini Tal, Landslip at, 124.

Naples : the Great Neapolitan Earth-
quake of 1857, 65, 69.

Naphtha, 99, 172.

Nausicaa, a Minor Planet, 177.

Nautilus, Pearly, 281.

Navicula in Earthworms, 43.

Nervous System of the House-Fly, 26 ; of
the Earthworm, 43.

Nest-building Fish, 222.

Nettle, The: its Stinging Power, 109;
Movement in its Hair, ib.

New Zealand, Map of the Natural His-
tory Province of, 337.

Nitro-Benzol, 172.

Nordenskjold, Baron: on Meteoric Stones,
30.

Normandy Farm-horses, 146.

Nummulitic Rock with Foraminifera,
123.

" Ocean, Life on the Surface of the," by
H. N. Moseley, 219.

Occulting or Flashing Light, in Light-
houses, 358.

Oil-yielding Shales, 96.

Olbers, Dr. : Discovery of the Planet
Ceres, 174 ; of Vesta, 175.

Old and New Red Sandstones^ 124.

"Old Sea Pens," by Chas. Lapworth,
78.

Olivine Rocks, 136 ; their Conversion
into Serpentine, ib.

Orange, Transverse Section of an, 244.

Orsay, France, Zodiacal Light at, 209.

Orthoceras, Shell of, 283.

"Optics of a Lighthouse, The," by H.
Trueman Wood, 352.

Oyster, The : its Power of Movement,
109.

Paotolus, The River, 126.

Palisa, Signer : his Discoveries of Minor
Planets, 177.

Pallas, Discoverv of the Planet, 175.
Pallas, Dr. : on Meteoric Stones, 29, 33.

Palms : the Date Palm, 5.

Paradoxidcs, 56.

Paraffin :
" A Piece of Parafiin," by .lohn

Hunter, 95 ; Filter Press, 100.

38.3

Parallax Illustration of, 304.

Parker, I'rof . T. Jettery :
" Hearing," 235.

Pea, Legume of the, 244.

Peace RejdicinKs in 1814
;
Experiment in

Gas Liglitiii^r. 1()9.

Peacock, Domestication and Origin of
the, 50.

Pearly Nautilus, 281.

Pebbles : " The Wanderings of a
Pebble," by Prof. T. G. Bonney, 278.

" Pebrine," Silkworm affected with, 192.

Pelagic Animals, 225.

Peltier on Summer Lightning, 38.

Pennine Fault, The, 377, 379.

Penrose, F. C. : his Observation of a
Solar Eclipse in Colorado, 13.

Pepsin, Peptones, 92.

Periodicity of Earthquakes, 139.

Peridotites, 136.

Perlite : its Spheroidal Structure, .326.

Perry's Researches on Earthquakes, 139.

Perspiration, Sensible and Insensible,
117, 118.

Peru, Earthquakes in, 67.

Peters, Dr. C. H. F. : his Discoveries of
Minor Planets, 177.

Petit : on Flashes of Lightning, 31—36.
Petroleum, 96.

Peysonnel : his Discovery of the Coral
as an Animal, 151.

PflUger : on the Nerves of Digestion, 91.

Pharos at Alexandria, 106 ; at Dover
Castle, ib.

Phillips, J. A. : Cornish " Kaolin," 18.

Philomela, a Minor Planet, 177.

Philosopher's Stone : Theory of Al-
chemists, 45.

"Phosphorescence," by William Act-
royd, 47.

Phosphorescence of Pyrosoma, 63.
" Photophone, The," by William Ack-

royd, 307.

Photophonic Transmitters, 309, 310, 311.

Physalia, or Portuguese Man-of-War

:

its Stinging Power, 153, 221.

Piazzi, Prof. : his Discovery of the
Planet Ceres, 174.

Pietermaritzburg, Lightning at, 35.

Pigeons, Domestication of, 119 ; their
Varieties, ib.

Pigeon's Quill ; Radius from Ramus, 271.

Pigs : Origin of their Domestication, 146

;

Chinese, Berkshire, Normandy, and
Irish Pigs, 147.

Pipe-clay, 19.

Pipette, 200.

Planetary Spot on the Sun, 266.
Planets : the Suspected Planet Vulcan,

13; "A Supposed New Planet," by W.
F. Denning, 264 ;

" The Minor Planets,"
by W. F. Denning, 173; "Venus and
the Transit of 1882," by Prof. S. P.
Langley, 300 (See Mars, Jupiter, Sa-
turn, Venus, Vesta, Vulcan).

" Plants : their Distribution over the
Earth," by Dr. Robert Brown, 1.

Plmnulariadce, or Sea-pens, 80.

Plummer, John I. :
" The Zodiacal Light,"

208.

Pogson, Mr. : his Discoveries of Minor
Planets, 177.

PoUa (Naples) : Street after the Earth-
quake of 1857, 05.

Polyhvmnia, a Minor Planet, 178.

Poole Clay, 19.

Poppy, Capsule of the, 214.

Porcelain :
"A Clod of Clay," by F. W.

Rudler, 18.

Portuguese Man-of-War, Stinging Power
of, 153, 221.

Pouillet's Pyrheliometer, for Measuring
the Heat of Sunshine, 203.

Pottery: "A Clod of Clay," by F. W.
Rudler, 14.

Prisms and Lenses for Lighthouse Pur-
poses, 3.50 ; Prism Reflector, 357.

Procne, a Minor Planet, 177.

Protoplasm in Plants, Movements of,

110.

Protoplasm in Blood Corpuscles, 111 ; in
Amoeba, 112.

Ptyalin, 90.

Purification of Coal Gas, 169, 170.

Pyrosoma, (33.

Quartz, Crystals of, 345.
Quill, Shaft of a, 272.

Quill of the Bearded Eagle, 275
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Rabbits : Origin of their Domestication,
148.

Radiation of Liglit, 127.

Raspberry, 212.

Reaumur : on Sea-Anemones, 152.
Reflector used for Lighthouse Purposes,

354.

Reichenbach : his Discovery of Paraffin,
99.

Richmond Parle, A Fog-drift in, 103.
" Right-Handedness," by James Shaw,

327.

River Sand 121.

Rocks, Serpentine, 134.

Rocks : Sand as a Rock Builder, 123 ; as
a Rock Smoother, 124.

Rockets charged witli Gun-cotton, and
Fog Signals, 107.

Rotifera : their Ciliary Movements, 114.
Rowton Siderite, a Meteoric Stone, 30.

Rudler, F. W. :
" A Clod of Clay," 14

;

"A Piece of Amber," 213.

St. Bride's Church, London, struck by
Lightning, 158.

Saliva and Salivary Glands, 89—91

;

Temperature of SaUva, 116.

Salmon, the Alchemist : his Theory of
Metals, 44.

Salpa zonai'ia, 63.
" Salt, A Pinch of," by William Durham,

363.

Salt : Experiment showing that it is not
an Element, 365.

Samian Ware, 20.
" Sand, A Grain of," by Prof. W. C.

Williamson, 120.

Sand used in Drying Ink, 126 ; in the
Manufacture of Glass, ib.

Sand Glacier, Elbow Bay, Bermudas,
124, 125.

Sand-paper, 124.

Sandstones, 123.

San Salvador, Earthquake at, 69.

"Saturn," by W. F. Denning, 71.

Schleiden : on Botanical Geography, 8.

Scott-Moncrieff, W. D. :
" Heat Power,"

230.

Scyllium, Nasal Groove of, 183.

Sea, The :
" Life on the Surface of the

Ocean," 219.

Sea Surface Illuminated by Lighthouse
Rays, 353.

Sea, Effect of Earthquakes on the,
63—71, 137, 139, 140 ; Fogs, 105 ; Phos-
phorescence, 47.

" Sea-Anemones," by Dr. AndrewWilson,
151.

Sea-mat, Cilia of the, 113.

"Sea Pens, Old," by Charles Lapworth, 78.

Seasons, The, 297.

"Sea-Squirts," by Dr. Andrew Wilson,
57 ; their Cilia, 113.

Seismology, the Science of Earthquakes,
137, 139.

Selenium, The Sensitive Stick of, 308

;

Sensitiveness of Selenium to Light,
309.

Sensitive Plants, 109.
" Serpentine, A Piece of," by Prof. T. G.

Bonney, 134
Sidereal Day, 297.

Signals used during Fogs, 106.

Silica in Clay, 20 ; in the Interior of
Shells, 123.

Silicic Hydrate, Experiment showing its

Precipitation, 348.

Siliceous Sands, 122.
" Silkworm Disease, The," by Albert

Brydges Fam, 189.

Skin, Human, Vertical Section of the,
117 : its Blood Vessels, 118.

Skull of Sturgeon, 183.

Smoke in London Fog, 103.

Smoked Glass, 105.

Sodium, Spectrum of, 367.

Soil : its Influence on the Distribution of
Plants, 2.

Solar Day, 297.

Soniferous Beam of Light, 308.
Soimd Signals in Fogs, 106, 108.
Sounding Chips, Photophonic, 311.
Shale, as the Source of Parafiin, 95.
"Sharks and Sturgeons," by Prof. Jef-

frey Bell, 179.

Shaw, James: "Right-handedness,"
327.

Sheep: Origin of their Domestication,
148 ; English Varieties, ib. ; Mouftlon,
ib.

Shells :
" Ancient Horn-shells," 281.

Shell Sands, 122, 123.
Speech Transmitted by Means of Light,

310.

Sponges, Cilia of, 113.

Spots on the Sun (Sec Sun, The).
Spots on the Planet Venus, 301.
Squatina, Heart of, 182.

Stokes, Prof. : his Instrument for Re-
cording the Duration of Sunshine,
205, 206.

Stomach of Man and other Animals, 92.
Stone, Mr. : his Observations of Minor

Planets, 178.
" Stones, Meteoric," by G. F. Rodwell, 27.
Strawberry : its Growth as a Fruit, 241.
Stress in a Medium, 128.
" Struggle for Existence " in Animal and

Vegetable Life, 3.

"Sturgeons and Sharks," by Prof. Jef-
frey Bell. 179.

Sulphuretted Hydrogen, Apparatus for
Preparing, 197.

Summer Lightning, 38.

Sun, The : its Apparent Diameter as
seen from Saturn and the Earth, 77

;

An Eclipse, 8 ; Path of Venus in
Transit of 1882, 306 ; Planetary Sun
Spots, 266; Dark Objects Crossing the
Sun, 269 ; Spots, 13, 176, 266, 267.

" Sunshine : how Intensity and Duration
are Measured," by Dr. Robert James
Mann, 195.

" Sun-dial, A," by William Lawson, 294.
Superstitions about Earthquakes, 137.
Sylvia, a Minor Planet, 178.

Sweat and Sweat Glands, 117.

Syria, Earthquakes in, 66.

Tar, 99.

Teeth, 89; of the Asiatic Elephant, Molar,
368 ; African Elephant, Molar, ib. ;
Growth of Teeth in the Elephant, ib.;

Dentition of Dinotherium, 370 ; Molar
Teeth of Mastodon, ib.; Molar Teeth
of Southern and Ancient Elephants,
373 ; of Mammoth, ib.

Telegi-aph Lines, Induction in, 260.

Temperature (See "Animal Heat").
Temple, London, Sun-dial in the, 296.

Terra-cotta, 17.

Terrestrial Magnetism, 129.

Thermometer: its use in determining
Animal Heat, 115, 116.

Thermopile, The : its use in determining
Animal Heat, 116.

Thomson, Sir Wyville : Calcareous
Sands, 124 ; Sand Glacier in Bermuda,
ib., 125.

" Thread-cells " of the Sea-Anemone, 153.

Thunder :
" Why Lightning is heard as

Thunder," 35.

Titius, Professor: his "Law" of the
Relative Distances of the Planets,
173.

Tito, South America: Cathedral Shat-
tered by an Earthquake, 68.

Tonga: Foraminiferous Sands, 122.

Torbane HUl, Paraffin obtained from
Shale at, 97.

Tradescantia, Circulation of Protoplasm
in, 110.

Triassic Ammonite, 284.
Trembley, Mr. : his Experiments on

Hydras, 151.

Trilobites :
" The Biography of a Trilo-

bite," by Dr. C. Callaway, 53.
Trinucleus, 56.

Truncatulinee in Sands, 122.

Tulip, Capsule of the, 244.
Tunicates, Sea-squirts, 58.

Tunzelmann, E. Waldemar von :
" Ani-

mal Heat," 115.

Tunzelmann, G. W. von :
" What is an

Element?" 44.

Turkeys : Origin of their Domestication,
150.

Tyndall, Professor: "Fog and Fog-
signals," 107.

"Universe, Connecting Mechanism of
the," by WiUiam Durham, 126.

Vallisneria, Circulation of Protoplasm
in, 110.

Vasomotor Nerves, Vasomoter Centre,
119.

Vegetable Kingdom: Movement in
Plants and Trees, 111, 114.

Vegetable Phosphorescence, 49.

Vegetable Remains in Amber, 214.
" Venus and the Transit of 1882," by Pro-

fessor S. P. Langley, 300.

Vesta, Discovery of the Planet, 175.

Volcanoes in connection with Earth-
quakes, 138.

Volcanic Ash, Spheroidal Structure of,

325.

Volcanic Rocks and Sand, 122, 123.

Vulcan, the suspected Planet, 13, 264,
265.

Wallflower, SiUqua of the, 243.
" Wanderings of a Pebble," by Professor

T. G. Bonney, 278.

Warm blooded Animals, Temperature
of, 115.

Water : Its Influence on the Distribution
of Plants, 2 : A Constituent of Clay,
16 ; Exhaled in Human Breath, 105

;

Apparatus for its Distillation, 196 ; its

Action in the Formation of the
Cheese-Grotto of Bertrich-Baden, 324.

Watkins, Rev. M. G. : Origin of Our
Domesticated Animals," 144.

Wheat : Northern and Southern Ranges
of its Profitable Cultivation, 2.

Whelk, 255.

Whipple, Mr. : his Observations on Mist,
103.

White, Dr. F. Buchanan :
" The Earwig,"

130 ;
" Locusts and Grasshoppers," 285.

Wigham, Mr. : Application of Gas in
Lighthouses, 106.

Wild Animals : Asses, 146 ; Boars, ib.

;

Cattle, 147, 148 ; Cats, 146 ; Ducks, 150

;

Goats, 148 ; Horses, 146 ;
Rabbits, 148

;

Sheep, 148 ; Turkeys, 150.

Wilson, Dr. Andrew : "Sea-Squirts," 57
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The Commentary for Schools. Being some
separate Books of the New Testament Commentary for
English Readers (Edited by the Lord Bishop of Gloucester and
Bristol), in Small Vohmies. Revised by their respective Authors
for School and general Educational purposes.

St. Matthew, 3s. fid.
|

St. John, 3s. 6d.

St. Mark, zs. 6d, The Acts of the Apostles, 3s. 6d.
St. Luke, 35. 6d. | i. Corinthians, zs.

Shakspere Reading Book, The. By H.
CouRTHOPE Bowen, M.A. Illustrated. Crown 8vo, cloth, 3s. 6d.

Modern School Readers, Cassell's. An
Entirely New Series of Readers for Elementary Schools. For par-
ticulars see Cassellt Fetter^ Galpin ^ Co.^s Educational Catalogue.

Geographical Readers, New Series of.
Seeparticulars in Cassell's Educational Catalogue.

Little Folks' History of England. By Isa
Craig-Knox. With Thirty Illustrations. Cloth, is. fid.

Grammar, The Uppingham English. By
the Rev. Edward Thring, Head Master of Uppingham School.
Nc7U Edition. 3s. fid.

Arithmetic, Cassell's School Board. With
about 3,000 examples, is. fid ; or with Key, is. gd. Key, fid.

Applied Mechanics, Elementary Lessons
in. By Prof. R.S. Ball, LL.D. With numerous Diagrams. Cloth 2s.

Euclid, Cassell's. Edited by Professor Wallace,
A.M. 8vo, 2i6 pp., limp cloth, IS.

Algebra (Elements of), Cassell's. Crown 8vo,
limp cloth, IS.

Arithmetic, Elements of. By Prof. Wallace,
A.M. Limp cloth, price is.

WORKS.
Neutral Tint, A Course of Painting in.

With 24 Plates from Designs by R. P. Leitch. 410, cloth, 5s.

Water-Colour Painting, A Course of.
With 24 Coloured Plates, from Designs by R. P. Leitch. 410,
cloth, 5s.

Sepia Painting, A Course of With 24
Plates from Designs by R. P. Leitch. 4to, cloth, js.

Drawing Copies, Cassell's Sixpenny. Com-
prising Four Series of Books, each Series complete in Twelve Parts,
price fid. each ; or One Volume, cloth, 7s. fid.

Cassell's Graduated Copy-Books. A very
comprehensive Series, printed from Copperplate Copies, on superior
writing paper, adapted to the requirements of the New Code. Com-
plete in 18 Books, price 2d. each.

The Marlborough French Grammar.
Arranged and Compiled by the Rev. J. F. Bright, M.A., Master
of the Modern School in Marlborough College. Cloth, '2s. fid.

The Marlborough French Exercises.
By the Rev. G. W. De Lisle, M.A., French Master in Marl-
borough College. Cloth, 3s. fid.

French, Cassell's Lessons in. New and Revised
Edition. Considerably Enlarged. Parts I. and [11. , cloth, each
2S. fid. ; complete, 4s. fid. Key, is. fid.

French-English and English-French
Dictionary, Cassell's. Entirely New and RevisedEdition.
Enlarged by the addition of nearly 3,000 new words. i,i4fi pages,
cloth, 3s. fid.; or in superior binding, with leather back, 4s. fid.

The Marlborough German Grammar.
Arranged and Compiled by the Rev. J. F. Bright, M.A. 3s. fid.

German-English and English-German
Pronouncing Dictionary, Cassell's. 864 pages, 3s. fid,

Latin-English and English-Latin Dic-
tionary, Cassell's. 914 pages, 3s. fid.

Educational Year-Book, The. A Compre-
hensive Guide to the Universities, Higher and Middle-class Schools,
&c. &c. Price 6s.

*^ A Complete List of Cas'SKIA., Petter, Galpin & Co.'s Educational Works inill befoiuaarded postfree on application.

BOOKS FOR CHILDREN
A Cruise in Chinese "Waters. Being the Log

of the " Fortuna." By Capt. A. F. Lindley. Illustrated. 5s.

Happy Little People. By Olive Patch. With
numerous Illustrations. Crown 4to, cloth, gilt edges, 5s.

Three ^A/ise Old Couples. Illustrated with
Coloured Plates and many Wood Engravings. Picture boards, 5s.

Wild Adventures in Wild Places. By Dr.
G. Stables. Illustrated. Cloth, gilt edges, 5s.

"My Diary." Twelve Coloured Plates and 366 Small
Woodcuts, with blank space for every day in the year. 2S. fid.

Old Proverbs with New "Pictures. With
fi4 fac-simile Coloured Plates from Original Designs by Lizzie
Lawson. The Text by C. L. Mat6aux. Crown 410, 6s.

The Wonderland of Work. By C. L.
Mat6AUX. With numerous Original Illustrations. Extra crown
4to, cloth gilt, 7s. fid.

The Little Folks' Album of Music. Con-
taining a charming collection of Music with Words. Illustrated.

Crown 4to, cloth, gilt edges, 3s. fid.

Peter Parley's Annual. Illustrated with Nine
Coloured Plates, printed in Oil, and Twelve full-page Lithographs.
Cloth, gilt edges, ss.

Living Pages from Many Ages. With up-
wards of 50 full-page Illustrations. Crown 410, cloth gilt, 7s. fid.

Little Folks. Half-yearly "Volumes, each containing
nearly 500 Pictures. Boards, 3s. fid. ; cloth gilt, 5s. each.

Stories to Write. With Pictures intended to form
the basis of Original Stories, interleaved \^'ith Ruled Paper, Price is.

The "Little Folks" Illuminating Book.
IS., or cloth gilt, 2S.

Pictures to Paint. With Coloured Pictures and
Outline Copies. Price is. ; cloth gilt, 2S.

The " Little Folks " Painting Book. A Series

of Outline Illustrations, by Kate Greenawav. is. ;
cloth, 2S.

A Cojnplete List of Cass^eia., Petter, Galpin & Co.'s

AND YOUNG PEOPLE.
The "Little Folks" Crayon Book. With

Coloured Frontispiece and numerous Outline Illustrations intended
for Colouring. By Lizzi£ Lawson, and other artists. 96 pages,
price IS. ; or cloth gilt, 2S.

" Little Folks" Nature Painting Book. With
numerous Illustrations, is. ; cloth gilt, 2S.

Home Chat with our Young Folks.
By C. L. M.ATi.\vx. With zoo Engravings. Fcap. 4to, coloured
boards, 3s. fid. ; cloth gilt, 5s.

Half-hours with Early Explorers. By T.
Frost. Profusely Illustrated. Fcap. 4to, coloured boards, 3s. fid.

;

cloth, gilt edges, 5s.

Peeps Abroad for Folks at Home. By
C. L. MatAaux. Profusely Illustrated. Fcap. 410, cloth back,
coloured boards, 3s. fid. ; cloth bevelled, gilt, 5s.

Sunday Chats with our Young Folks.
By C. L. M.at^aux. Profusely Illustrated. Fcap. 4to, coloured
boards, 3s. fid. ; cloth gilt, cs.

Around and About Old England. By C. L.
MatSaux. With numerous Illustrations. Coloured boards,

3s. fid. ; cloth gilt, 5s.

Stories about Animals. By the Rev. T. Jack-
son, M.A. Illustrated throughout. Coloured boards, 3s. fid.

;

cloth, gilt edges, 5s.

Stories about Birds. By M. and E. Kirby. Pro-
fusely Illustrated. Boards, 3s. fid. ; cloth gilt, 5s.

Paws and Claws. Being True Stories of Clever
Creatures, Tame and Wild. Illustrated throughout. Coloured
boards, 3s. fid. ; cloth gilt, 5s.

The Cosy Corner Series. A Series of Story
Books for Children. Each Book containing nearly One Hundred
Full-page Pictures. Cloth gilt, price^as. each.

See Saw Stories.

Story Flowers for Rainy Hours.
Little Chimes for All Times.
Dot's Story Book.
Wee Willie Winkle.
Bright Sundays.

Little Talks with Little People.

Pet's Posy of Pictures and Stories.

Bright Rays for Dull Days.
Chats for Small Chatterers.

Pictures for Happy Hours.
Ups and Downs ofa Donkey's Life.

Children's Books imll he fonvardedpostfree on application.

CASSELL, PETTER, GALPIN & CO.'S COMPLETE CATALOGUE, containing a List of

Hundred Volumes, including Bibles and Religious Works, Fine-Art "Volumes, Children's Books, pictt07tapes.

Educational Works, History, Natural History, Household and Domestic Treatises, Handbooks and Guides, Science,

Travels, &c. &c., together with a Synopsis of their numerous Illustrated Serial Publications, sent post free on

application to Cassell, Petter, Galpin & Co., Ludgate Hill, London.

Cassell, Petter, Galpin 6^ Co. : London, Paris 6^ New York.










